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APOLIPOPROTEIN A- I AGONISTS AND THEIR USE 
TO TREAT DYSLIPIDEMIC DISORDERS 

1. INTRODUCTION 

The invention relates to apolipoprotein A- I (ApoA-I) 
agonist compositions for treating disorders associated with 
dyslipoproteinemia , including hypercholesterolemia , 
cardiovascular disease, atherosclerosis, restenosis, and other 
disorders such as septic shock. 

10 

2 . BACKGROUND OF THE INVENTION 

Circulating cholesterol is carried by plasma 
lipoproteins -- particles of complex lipid and protein 
composition that transport lipids in the blood. Low density 
15 lipoproteins (LDL) , and high density lipoproteins (HDL) are 
i the major cholesterol carriers. LDL are believed to be 

n responsible for the delivery of cholesterol from the liver 

1 (where it is synthesized or obtained from dietary sources) to 

l extrahepatic tissues in the body. The term "reverse 

cholesterol transport" describes the transport of cholesterol 
from extrahepatic tissues to the liver where it is catabolized 
LI and eliminated. It is believed that plasma HDL particles play 

1 a major role in the reverse transport process, acting as 

3 scavengers of tissue cholesterol. 

3^5 The evidence linking elevated serum cholesterol to 

coronary heart disease is overwhelming. For example, 
atherosclerosis is a slowly progressive disease characterized 
by the accumulation of cholesterol within the arterial wall. 
Compelling evidence supports the concept that lipids deposited 
3 0 in atherosclerotic lesions are derived primarily from plasma 
LDL; thus, LDLs have popularly become known as the "bad" 
cholesterol. In contrast, HDL serum levels correlate 
inversely with coronary heart disease indeed, high serum 
levels of HDL are regarded as a negative risk factor. It is 
3 5 hypothesized that high levels of plasma HDL are not only 

protective against coronary artery disease, but may actually 
induce regression of atherosclerotic plaques (e.g., see 
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Badimon et al . , 1992, Circulation 86 (Suppl. Ill) =86-94). 
Thus, HDL have popularly become known as the "good 
cholesterol . 

2.1. PTTOliE S TE P nT • TP71NSPORT 

The fat -transport system can be divided into two 
pathways: an exogenous one for cholesterol and triglycerides 
absorbed from the intestine, and an endogenous one for 
cholesterol and triglycerides entering the bloodstream from 
the liver and other non-hepatic tissue. 

in the exogenous pathway, dietary fats are packaged 
into lipoprotein particles called chylomicrons which enter the 

a Oliver their triglycerides to adipose tissue 
bloodstream and deliver tneir uj-j-y y 

(for storage, and to muscle (for oxidation to supply energy, 
T „e remnant o£ the chylomicron, containing cholesteryl ester,, 
is removed from the circulation by a specific receptor found 
only on liver cells. This cholesterol then becomes available 

^ fnr recvclinq to extrahepatic 
again for cellular metabolism or for recycling 

tissues as plasma lipoproteins. 

in the endogenous pathway, the liver secretes a 
large very- low-density lipoprotein particle (VLDL) into the 
bloodstream. The core of VLDLs consists mostly of 
triglycerides synthesized in the liver, with a smaller amount 
of cholesteryl esters (either synthesized in the liver or 
recycled from chylomicrons) . Two predominant proteins are 
displayed on the surface of VLDLs , apoprotein B-100 and 
apoprotein B. When a VLDL reaches the capillaries of adipose 
tissue or of muscle, its triglycerides are extracted resulting 
in a new kind of particle, decreased in size and enriched in 
cholesteryl esters but retaining its two apoproteins, called 
intermediate-density lipoprotein (IDL) . 

in human beings, about half of the IDL particles are 
removed from the circulation quickly (within two to six hours 
of their formation), because they bind tightly to liver cells 
which extract their cholesterol to make new VLDL and ^ 
acids The IDL particles which are not taken up by the liver 
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remain in the circulation longer. In tin-, the apoprotein E 
dissociates from the circulating particles, converting the. to 
LDL having apoprotein B-100 as their sole protein^ 

Primarily, the liver takes up and degrades most of 
the cholesterol to bile acids, which are the end products of 
cholesterol metabolism. The uptake of cholesterol containing 
particles is mediated by LDL receptors, which are present in 
high concentrations on hepatocytes . The LDL receptor binds 
both apoprotein E and apoprotein B-100, and is responsible for 
binding and removing both IDLs and LDLs from the circulation. 
However, the affinity of apoprotein E for the LDL recepto r is 
greater than that of apoprotein B-100. As a result the LDL 
particles have a much longer circulating life span than IDL 
particles - LDLs circulate for an average of two and a half 
days before binding to the LDL receptors in the liver and 
other tissues. High serum levels of LDL (the "bad- 
cholesterol) are positively associated with coronary heart 
disease. For example, in atherosclerosis, cholesterol derived 
from circulating LDLs accumulates in the walls of arteries 
20 leading to the formation of bulky plaques that inhibit the 

flow of blood until a clot eventually forms, obstructing the 
artery causing a heart attack or stroke. 

Ultimately, the amount of intracellular cholesterol 
liberated from the LDLs controls cellular cholesterol 
25 metabolism. The accumulation of cellular cholesterol derived 
from VLDLs and LDLs controls three processes: first, it 
reduces cellular cholesterol synthesis by turning off the 
synthesis of HMGCoA reductase -- a key enzyme in the 
cholesterol biosynthetic pathway. Second, the incoming LDL- 
derived cholesterol promotes storage of cholesterol by 
activating ACAT - the cellular enzyme which converts 
cholesterol into cholesteryl esters that are deposited in 
storage droplets. Third, the accumulation of cholesterol 
within the cell drives a feedback mechanism that inhibits 
cellular synthesis of new LDL receptors. Cells, therefore, 
adjust their complement of LDL receptors so that enough 
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. metabolic needs, 

cholesterol is ^ - » "Iview see Brown * Goldstein, 
without overloading. (For a revie 

-, • = i Baq is Of Therapeutics, 8th Ed., 
in, The Pharmacological Basis Of T P ^ 

Goodman * Oilman, Pergamon Press, NY, 1990, 
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In sum Perlp^T^Tnep^^^ 

cholesterol from a combination ^^J^ Xn con«a St , 
uptaKe of preformed sterol £ » V»L and— ^ ^ 
reverse cholesterol transport (RCT) is thp 
peripheral oell cholesterol can be the 
recycling to extrahepat c trss.es. « exc^ ^ _ 

intestine m bile, either of 

•^o The RCT pathway represents the oniy 
bxle acids. Th RC P extra hepatic tissues, and is 

eliminating cholesterol from function of most 

crucial to maintenance of the struc 

rP lls in the body. . , 

The RCT consists mainly of three steps = (a 
1 efflux the initial removal of cholesterol from 

cholesterol ertiux, luc j." 

choiSS c . C ells- (b) cholesterol 

„ a Hnus pools of peripheral cells, wi 

"ification by the action * 

transferase aC*T, prev n > ^r ^ ^ 
cholesterol ,nto cells - d < P RCT pathway is mediated 
cnolesteryl ester to 1 v c. ^ lipopr otein particles 
irire cLalterLd ^ -ir hi g h density^ main 

which determine the functional character!^ 

furthermore minor amounts of C-^ ^.'-1* 

n E J etc. have been observed. HDL can exi 

variety' of different sizes and different mixtures of the 

above-mentioned constituents depends on-the status of 

remodeling during the metabolic RCT cascade. 
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The key enzyme involved in the RCT pathway is LCAT 
LCAT i. produced mainly in the liver and circulates in plasma 
^ lilted with the HDL traction. LCAT converts ^ ^ 
cholesterol to cholesteryl esters which are -questered n 

i rhnipqtervl ester transfer protein 
destined for removal. Choiesceryi 

(CETP, and phospholipid transfer protein (PLTP) contn^e o 
further remodeling the circulating HDL population. CETP 
mo ve cholesteryl esters made by LCAT to other 
particularly ApoB-containing lipoproteins, such as VLDL and 
LDL PLTP supplies lecithin to HDL . HDL triglycerides can be 
catabolized by the extracellular hepatic triglyceride lipase, 
and lipoprotein cholesterol is removed by the Uver via 

several mechanisms. 

Each HDL particle contains at least one copy (and 
usually two to four copies) of ApoA-I. ApoA-I is synthesized 
by the liver and small intestine as preproapolipoprotein which 
is secreted as a proprotein that is rapidly cleaved « 
generate a mature polypeptide having 243 amino acid residues. 
ApoA-I consists mainly of 6 to 8 different 22 amino acid 
repeats spaced by a linker moiety which is often proline, and 
in some cases consists of a stretch made up of several 
residues. ApoA-I forms three types of stable complexes with 
lipids: small, lipid-poor complexes referred to as P"^-* 
HDL; flattened discoidal particles containing polar 1^ 
(phospholipid and cholesterol) referred to as pre-beta-2 HDL, 
and spherical particles containing both polar and »»P<*« 
lipids, referred to as spherical or mature HDL (HDL, an HD ,K 
„o!t HDL in the circulating population contain both ApoA-I and 
ApoA-II (the second major HDL protein) and are referred to 
herein as the AI/AII-HDL fraction of HDL. However, the 
fraction of HDL containing only ApoA-I (referred to herein as 
the AI - HDL fraction) appear to be more effective in RCT. 
certain epidemiologic studies support the hypothesis that 
AI - HDL fraction is anti-atherogenic . (Parra et al 1992_ 
Arterioscler. Thromb. 12.701-707; Decossin et al . , 1997, Eur. 
J. Clin. Invest. 27:299-307). 



-5- 



10 



RL5 



*2 0 



25 



30 




35 



- PATENT - 

Although the mechanism for cholesterol transfer from 
the cell surface (i^, cholesterol efflux) is unknown, it is 
believed that the lipid-poor complex, pre-beta-1 HDL is the 
preferred acceptor for cholesterol transferred from peripheral 
tissue involved in RCT . (See Davidson et al . , 1994, J Biol. 
Chem. 269:22975-22982; Bielicki et al . , 1992, J. Lipid Res. 
33:1699-1709; Rothblat et al . , 1992, J. Lipid Res. 33:1091- 
1097- and Kawano et al . , 1993, Biochemistry 32:5025-5028; 
Kawano et al . , 1997, Biochemistry 36:9816-9825). During this 
process of cholesterol recruitment from the cell surface, pre- 
beta-1 HDL is rapidly converted to pre-beta-2 HDL. PLTP may 
increase the rate of pre-beta-2 disc formation, but data 
indicating a role for PLTP in RCT is lacking. LCAT reacts 
preferentially with discoidal and spherical HDL, transferring 
the 2-acyl group of lecithin or other phospholipids to the 
free hydroxyl residue of cholesterol to generate cholesteryl 
esters (retained in the HDL) and lysolecithin . The LCAT 
reaction requires ApoA-I as activator; i^, ApoA-I is the 
natural cof actor for LCAT. The conversion of cholesterol to 
its ester sequestered in the HDL prevents re-entry of 
cholesterol into the cell, the result being that cholesteryl 
esters are destined for removal. Cholesteryl esters xn the 
mature HDL particles in the Al -HDL fraction (j^. containing 
ApoA-I and no ApoA-II) are removed by the liver and processed 
into bile more effectively than those derived from HDL 
containing both ApoA-I and ApoA-II (the AI/AII-HDL fraction) . 
This may be due, in part, to the more effective binding of AI- 
HDL to the hepatocyte membrane. The existence of an HDL 
receptor has been hypothesized, and recently a scavenger 
receptor, SR-BI, was identified as an HDL receptor (Acton et 
al., 1996, Science 271:518-520; Xu et al . , 1997, J. Lipid Res. 
38-1289-1298). The SR-BI is expressed most abundantly in 
steroidogenic tissues (e^, the adrenals) . and in the liver 
(Landshulz et al . , 1996, J. Clin. Invest. 98:984-995; Rigotti 
et al., 1996, J. Biol. Chem. 271:33545-33549). 
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CETP d oes not appear to play a -l"^"^' 
and instead is involved in the ^ o ™ -d ^ 
derived lipids. However. ^-modeling" the HDL 

acceptor,, VLDL and LDL P -V ^ rf CETp , the HDLs 

population. For example, in the cleared . (For reviews 

become enlarged particles which are not cleare 

j ur\T g see Fielding & Fielding. 1335, J- f 
on RCT and HDLs, see Bioch em. Biophys . Acta. 

36:211-228,- ^rrans et al. ^ rioecl ^. Th romb. Vase. 

1300,73-85; Hirano et al . , 13»'. 

Biol. "(6> -.1053-1059) . 

^ ~ nnrrpntlv available ror 

A number of treatments are Brown 
„ cholesterol and triglycerides (see, e^3_, 
10 „ering serum cho each has its own drawbacks and 

s Goldstein, BOl • ; side -e£fects and qualifying 

limitations in terms of efficacy, 

patient population. £ d s that 

Slle-acid-bind ng resin are a ^ ^ 

interrupt ^ ^ ^stran Light®. Bristol- 

3 the liver; e_^U, cnoiesuy ride (colestid®, The 

Myer s Squibb, , and colestipol h *f° Ch ^% ositive l y -charged 
Upj ohn Company, . When "^^/^ll ^ in the 
r esins bind to ^J^^f^ be absorbed from the 
intestine. Because the resin ^.^ 
5 intestine, they are excreted carrying th bU. 

the. The use of such resins however, * b^_ ^ 
seru m cholesterol ^ f ^^tX constipation and 

30 -r drugs, -^^rET^^ « — ° £ 

hour before or four to six no stent's drug regimens. 

th e resin, thus, ^^^1^^ agents that 

^ St r^t a hesi s by inhibiting HMGCoA reductase - 
block cholesterol synthesis by biosynthetic 
35 the key enzyme involved ^ the ^lester ^ & 

pathway. The statins, e^a^. 
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^ i® Rr-istol-Myers Squibb 

Co.) are sometimes used in cholesterol 
resins. The statins -^^^ o£ coronary 

an d — eVel H :; e :::, S seru I „ DL cholesterol levels are 
atheroscleros s Howe . . sm o£ the LDL lowering 

only - deratel V "^ reduction of VLDL concentration and 
effect may involve both reducti r „„ tor , leading to 

indU ction of -Uular expression o, ^ ^ ^ ^ ^ 

reduced production £/or dysfunctlon are associated 

effects, including 1 (physic ians DesK Reference, 

with the use of these g ^ 1997) . Recently, 

Medical Economics Co., inc., jmGCoA reductase 

LrKet to treat rare hut urgent cases o familial 
hypercholesterolemia ,1,95. Scrip 20 (19) ^ 

Niacin, or nicotinic acid, is a wate 

.itamin B-comple* used as -^J^T^^ of 

antihyperlipidemic agent. Niacin . £ ^ 

VLOL and is effective at lowerin L ^» ^ ^ _ 

us ed in ~<^« 1 ° n ; e f at b : 1 d : qu : e doses, however, its 
increase HDL when used at adequ ^ ^ 

usefulness is limited by serious side 

such high doses. Upld - lowering drugs used to 

Fibrates are a class of IP elevated serum 

treat various forms of hyperlipemia (i^, ele 
Triglycerides, which « ^ ^ the _ 

th ese drugs on serum cholesterol is variable^ c 
States, f ibrates^ave been app „ ^^/hypercholesterolemia 
drugs, but have not receiv pp (6tr omid-S®, Wyeth-Ayerst 
agents. For examp^ o ibr « ^ act3 (via an 

Laboratories) i . « an, P triglycerides by reducing 

s unsown mechanism, to low cholestero l ^ be reduced 

the VLDL fraction. Aitnuuy 
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in certain patient subpopulations , the biochemical response to 
the drug is variable, and is not always possible to predict 
which patients will obtain favorable results. Atromid-S® has 
not been shown to be effective for prevention of coronary 
heart disease. The chemically and pharmacologically related 
drug, gemfibrozil (Lopid®, Parke-Davis) is a lipid regulating 
agent which moderately decreases serum triglycerides and VLDL 
cholesterol, and moderately increases HDL cholesterol -- the 
HDL 2 and HDL 3 subfractions as well as both ApoA-I and A- II 
( i . e . , the AI/AII-HDL fraction) . However, the lipid response 
is heterogeneous, especially among different patient 
populations. Moreover, while prevention of coronary heart 
disease was observed in male patients between 40-55 without 
history or symptoms of existing coronary heart disease, it is 
not clear to what extent these findings can be extrapolated to 
other patient populations ( e.g. , women, older and younger 
males) . Indeed, no efficacy was observed in patients with 
established coronary heart disease. Serious side-effects are 
associated with the use of fibrates including toxicity such as 
malignancy, (especially gastrointestinal cancer) , gallbladder 
disease and an increased incidence in non-coronary mortality. 
These drugs are not indicated for the treatment of patients 
with high LDL or low HDL as their only lipid abnormality 
(Physician's Desk Reference, 1997, Medical Economics Co., Inc. 

2 5 Montvale, N.J.). 

Oral estrogen replacement therapy may be considered 
for moderate hypercholesterolemia in post -menopausal women. 
However, increases in HDL may be accompanied with an increase 
in triglycerides. Estrogen treatment is, of course, limited 
to a specific patient population (postmenopausal women) and is 
associated with serious side effects including induction of 
malignant neoplasms, gall bladder disease, thromboembolic 
disease, hepatic adenoma, elevated blood pressure, glucose 
intolerance, and hypercalcemia. 

Thus, there is a need to develop safer drugs that 
are efficacious in lowering serum cholesterol, increasing HDL 
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serum levels, preventing coronary heart ^ 
treating existing disease, especially atherosclerosis. 

2.4. pr- -t " * TARGET 

None o £ the currently available drugs for lowering 
„ i .f^rol safely elevate HDL levels and stimulate RCT - 
I ^ a a to oplrate on the cholesterol transport pathway, 
lodulating dietary intake, recycling, synthesis of 

, ■ h = rnpf would be most. eneuLi v ^ 
is not known which target wouiu ~^,- c 

Lirable lipoprotein profiles and ^"^'^ 
Perturbation of any single component ~ ^^^^.^ 
ultimately affects the composition of circulating 

-^"-l:::^ :f ::r n LTased on a- r u 

vivo implicate the HDL and its major protein component. Apo. 
Tin tL prevention of atherosclerotic lesions, and 
pot ntlally, the regression of places - ma, ng these 
attractive targets for therapeutic interv ention. First, 
inverse correlation exists between serum ^ 
ooncentraticn and atherogenesis in man (Gordon . R if* n 

t ^91-1311-1316; Gordon et al . , x^o^, 

1989 \ N t .r 79 8-1 ?' nd a specific subpopulations of HDL 
Circulation 79.8 15) - atherosclerosis 
have been associated with a reduced r 

• v, 3T ,= (Miller 1987, Amer . Heart 113:589 59 /, ^ne y 
in humans (Miner, , ,. lh , ud 1992, 

• j o-d -iri-394) • Fruchart & Aiinaua, x^^., 

al., 1991, Lipid Res. 32:383 394), 

Clin ' ^Second" animal studies support the protective role 

* ^iPQterol fed rabbits witn 
of ApoA-I (HDL). Treatment of cholesterol xe 

t m reduced the development and progression of 
ApoA-I or HDL reduced nne t> ~ abb its (Koizumi 

plaque (fatty streaks) in cholesterol- fed- rabbits ( 
l t 1988 , J . Lipid Res. 29:1405-1415; Badimon et al . , 
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w t r^t 60-455-461; Badimon et al . , 1990, J. Clin. 
1989. Lab. invest. 60.455 efficacy varied depending 

invest 85:1234-1241). However, the efficacy * 
invest. Prostaglandins, 
upon the source of HDL (Beitz , M ezdour et 

Leukotrienes and Essential Fatty Adds 47.149 152, 

1995, Atherosclerosis 113:237-246). 
' ' Third, direct evidence for the role of ApoA-I was 

obtained from experiments invoking transgenic * 
expression of the human gene for ApoA-I transferred 
genetics predisposed "^^^iT^*- et 
protected against ^ ^ Lnsgene was aiso 

al 1991, Nature 353 : 265 - l<o / J . v 

Iwn to suppress atherosclerosis in *P-^"!™ 
in A P o<a, transgenic mice (Paszty et al . , 1994^ J- ^ 
invest. 94:899-903; Plump et al . , 1994, Proc "-^^ 
US A 91.9*07-9611, Liu et al . , 1994, J. Lipid Res. "=2263 
22 66, . Similar results were observed in transgen rabbit 
expressing human ApoA- 1 (Duverger, 1996, ^^sl "Zl 
71 7- Duverger et al., 1996, Arterioscler. Thromb. Vase. Biol _ 
I 1424-X429), and in transgenic rats where elevated levels of 
16.1424 n-ssi, atherosclerosis and inhibited 

human ApoA-I protected against atheroscler 
restenosis following balloon angioplasty (Burxey « 
Circulation, Supplement I, 86:1-472. Abstract No. 1876, Bur*ey 
et al., 1995, J. Lipid Res. 36:1463-1473) 

The Al - HDL appear to be more efficient at RCT than 
the AI/AII-HDL fraction. Studies with mice transgenic for 
the (AI/AII) showed that the 

human ApoA-I or Apo-I and ApoA-II (AI/AIl) 
protein composition of HDL significantly affects its role 
L-HDL is more antiatherogenic than AI/AII-HDL (Schultz et 
al 199 3, Nature 365:762-764). Parallel studies involving 
transgenic mice expressing the human LCAT 3— Remonstrate 
that moderate increases in LCAT activity significantly change 
lipoprotein cholesterol levels, and that LCAT has a 
significant preference for HDL containing ApoA-I (Francone et 
al 1995, J . Clinic. Invest. 96:1440-1448,- Berard et al . , 

. . . .144-749) While these data support 

1997, Nature Medicine 3(71:744-749). 

a significant role for ApoA-I in activating LCAT and 
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al ., 1996 , J. Lipid 37,1704-1711)- 

m view of the potential role of HDL. i^. 

against ath "°^ produced ApoA-I were commenced, 

utilizing re . corame „ced by UCE Belgium 

discontinued and apparently ^ ^ ^ ^ ig , 7; 

(Pnarmaprojects 0c t ^ ; osclerosis 2 (6) :26 l-265, ,- see 

Dr ug Status Update 199 , ^ ^ . n Disease 

al3 o M. Ericsson at <™££- „. Lacko 6 Mi ller, 1997, 

Prevention," Wv. 7- , . w094/13819) an d were commenced 

a . Llp . R es 38.1«7 1 , (pharmaproj ects, April 7, 1989). 
and discontinued by Bio Teen shock 
Trials were also attempted using ApoA-I t « _ 
(0pal , reconstituted HDL as a ITs 7^ 

XBC-. 7th mternational Conference on Sep is P ^ 

94;139 - 146; Levine^ *D9«/0«9 > ^ ^ q£ 

Plt k f ""I - dea! as a drug,- ^ - * 

signi£i cant manufacturing ^ 

overcome with respect 

an active product and half - life in. ^ made 
in view of these drawbacks, attempts ha 
o-otides that mimic ApoA-I. Since the key 
to prepare peptides t attributed to the presence of 

acCi vities o secondary structural feature in 
multiple repeats o J u , (segresC , 197 4 

the protein -- a la P ^ design peptides uhich 

:„e'activ" Y of ApoA-I have focused on designing 
^LT ^ J- class A-ty, ; amphipathic . helices ^ 

! that P ositri; :r;e;i:rrd « — - 
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the hydrophobic-hydrophilic interface and negatively charged 
amino acid residues are clustered at the center of the 
hydrophilic face. Furthermore, class A a-helical peptides 
have a hydrophobic angle of less than 180° (Segrest et al . , 
1990 PROTEINS: Structure, Function and Genetics 8:103-117). 
The Initial de novo strategies to design ApoA-I mimics were 
not based upon the primary sequences of naturally occurring 
apolipoproteins, but rather upon incorporating these unique 
Class A helix features into the sequences of the peptide 
analogues, as well as some of the properties of the ApoA-I 
domains (see, fi^, Davidson et al . , 1996, Proc . Natl. Acad. 
Sci. USA 93:13605-13610; Rogers et al., 1997, Biochemistry 
36-288-300; Lins et al . , 1993, Biochim. Biophys . Acta 
biomembranes 1151:137-142; Ji and Jonas, 1995, J. Biol. Chem. 
270-11290-11297; Collet et al . , 1997, Journal of Lipid 
Research, 38:634-644; Sparrow and Gotto, 1980, Ann. N.Y. Acad. 
Sci 348-187-211; Sparrow and Gotto, 1982, CRC Crit . Rev. 
Biochem. 13:87-107; Sorci-Thomas et al . , 1993, J. Biol. Chem. 
268-21403-21409; Wang et al . , 1996, Biochim. Biophys. Acta 
174-184; Minnich et al., 1992, J. Biol. Chem. 267:16553-16560; 
Holvoet et al . , 1995, Biochemistry 34:13334-13342; Sorci- 
Thomas et al . , 1997, J. Biol. Chem. 272 ( 11 ): 7278 -7284 ; and 
Frank et al . , 1997, Biochemistry 36:1798-1806). 

in one study, Fukushima et al . synthesized a 22- 
residue peptide composed entirely of Glu, Lys and Leu residues 
arranged periodically so as to form an amphipathic a-helix 
with equal hydrophilic and hydrophobic faces ("ELK peptide") 
(Fukushima et al . , 1979, J. Amer. Chem. Soc . 101 (13 ): 3703 - 
3704; Fukushima et al . , 1980, J. Biol. Chem. 255:10651-10657). 
The ELK peptide shares 41% sequence homology with the 198-219 
fragment of ApoA-I. As studied by quantitative 
ultrafiltration, gel permeation chromatography and circular 
dichroism, this ELK peptide was shown to effectively associate 
with phospholipids and mimic some of the physical and chemical 
properties of ApoA-I (Kaiser et al . , 1983, Proc. Natl. Acad. 
Sci USA 80:1137-1140; Kaiser et al . , 1984, Science 223:249- 
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n 1980 suera; Nakagawa et al - , 1985, J- 
255; Fukushima et a ... 1* < et al . concluded from 

Am . chem . Soc. l07 - 7087 - 7092) 1 - factor Y for LCAT activation is 
suC h studies that ^ ™^^ h amphipathic structure 
simply the Pre-c ' ^ chem . 255 (15) : 7333 -7339) . A 

(Yokoyama et al . , ^° > £ound to more 

dimer of this 22-resi ^ »* ^ based on these results, 
closely mimic ApoA-I than the puRC tuated in the 

lt „as suggested that the J repres ented the 

middle by a helix breaker either V ^ 19BS , 

mi nimal functional domain in *P°A I 

supxa) • , q j m odel amphipathic peptides 

Another study involved model ap P^ ^ ^ 

called -LAP peptides- (Pownall et al., • _ Pepti des: 

S ci. USA „ ( 6>:3154-315S; Sparro. ^ ^ ^ ^ 
Syn thesis-Structure-Function. Roch ^ ^ 

Chem. Co., RocMord *» *^ apo H P oproteins . several LAP 
studies with fragments of nati P ^ ^ ^ 

peptides .ere designed, named LAP . . respe ctively> . 

"containing 1. . 20 and 24 a,, » 5equence oology 

Thes e model amphipathic P^" designe d to have hydrophilic 

with the apolipoproteins and the 9 claES A . t ype 

faces organized in a manner — — _ apo lipoproteins 
amphipathic helical domains , 141-166 , . From these 

(Segrest et al., »«, *• ^f^' a minimal length of 20 

- i --sr - ::iants r :r;~t 

«- ^iffprent positions xn tne sey 
residue at different P u id bindin g and LCAT 

a direct relationship °™ sts ooC ential of a peptide alone 
activation, but that the hel cal poten ^ ^ ^ 

does not lead to LCAT activation (Ponsin ^ ^ 

Chem. „i,20)= M 02-.20„. """^^ the pept i d e reduced 
he l ix breaker <Pro> close » „ ell as it . ability 

its affinity for phospholipid - rfac ^ es were 

to activate LCAT . while certain of the LA 
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shown to bind phospholipids (Sparrow et al . , suEra) , 
controversy exists as to the extent to which LAP peptides are 
helical in the presence of lipids (Buchko et al . , 1996, J- 
Biol. Chem. 271 ( 6 ) : 303 9 - 3045 ; Zhong et al . , 1994, Peptide 
Research 7 (2) :99-106) . 

Segrest et al . have synthesized peptides composed of 
18 to 24 amino acid residues that share no sequence homology 
with the helices of A P oA-I (Kannelis et al., 1980, J. Bxol . 
Chem. 255 (3) : 11464 -11472 ; Segrest et al . , 1983, J Biol. Chem. 
258-2290-2295) . The sequences were specifically designed to 
„.imic the amphipathic helical domains of class A exchangeable 
apolipoproteins in terms of hydrophobic moment (Eisenberg et 
al 1982, Nature 299:371-374) and charge distribution 
(Segrest et al . , 1990, Proteins 8:103-117; U.S. Patent No. 
4 643 988). One 18-residue peptide, the -18A- peptide, was 
designed to be a model class-A a-helix (Segrest et al . , 1990, 
supra) Studies with these peptides and other peptides having 
a reversed charged distribution, like the -18R- peptide, have 
consistently shown that charge distribution is critical for 
activity; peptides with a reversed charge distribution exhibit 
decreased lipid affinity relative to the ISA class-A mimics 
and a lower helical content in the presence of lipids 
(Kanellis et al . , 1980, J. Biol. Chem. 255:11464-11472; 
Anantharamaiah et al., 1985, J. Biol. Chem. 260:10248-10255; 
Chung et al . , 1985, J. Biol. Chem. 260:10256-10262; Epand et 
al., 1987, J . Biol. Chem. 262:9389-9396; Anantharamaiah et 
al., 1991, Adv. Exp. Med. Biol. 285:131-140). 

Other synthetic peptides sharing no sequence 
homology with the apolipoproteins which have been proposed 
with limited success include dimers and trimers of the 18A 
peptide (Anantharamaiah et al . , 1986, Proteins of Biological 
Fluids 34:63-66), GALA and EALA peptides (Subbarao et al . , 
1988, PROTEINS: Structure, Function and Genetics 3:187-198) 
and ID peptides (Labeur et al . , 1997, Arteriosclerosis, 
Thrombosis and Vascular Biology 17:580-588) and the 18AM4 
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peptide (Brass'eur et al - , 1993, Biochim. Biophys. Acta 1170:1- 

7) ' A "consensus" peptide containing 22-amino acid 

residues based on the sequences of the helices of human ApoA-I 
has also been designed (Anantharamaiah et al . , 1990, 
Arteriosclerosis 10 (1) : 95-105 ; Venkatachalapathi et al., 1991, 
Mol. Conformation and Biol. Interactions, Indian Acad. Sex. 
B • 585-596) . The sequence was constructed by identifying the 
m ost prevalent residue at each position of the hypothesized 
helices of human ApoA-I. Like the peptides described above, 
the helix formed by this peptide has positively charged ammo 
acid residues clustered at the hydrophi lie -hydrophobic 
interface, negatively charged amino acid residues clustered at 
the center of the hydrophilic face and a hydrophobic angle of 
less than 180° . While a dimer of this peptide is somewhat 
effective in activating LCAT , the monomer exhibited poor lipid 
binding properties (Venkatachalapathi et al . , 1991, supra). 

Based primarily on in vitro studies with the 
peptides described above, a set of "rules" has emerged for 
designing peptides which mimic the function of apoA-I 
Significantly, it is thought that an amphipathic a-helix 
having positively charged residues clustered at the 
hydrophilic-hydrophobic interface and negatively charged ammo 
acid residues clustered at the center of the hydrophilic face 
25 is required for lipid affinity and LCAT activation 

(Venkatachalapathi et al., 1991, supra). Anantharamaiah et 
al have also indicated that the negatively charged Glu 
residue at position 13 of the consensus 22-mer peptide, which 
is positioned within the hydrophobic face of the cv-helxx 
30 plays an important role in LCAT activation ^ 
al 1991, supra). Furthermore, Brasseur has indicated that a 
hydrophobic angle (pho angle) of less than 180- is required 
for optimal lipid- apol apoprotein complex stability, and also 
accounts for the formation of discoidal particles having the 
35 peptides around the edge of the lipid bilayer (Brasseur, 1991, 
j Biol. Chem. 66 (24) : 16120-16127) . Rosseneu et al . have also 
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insisted that a hydrophobic angle of less than 180 xs 
required for LCAT activation (W093/25581) . 

However, despite these "rules" to date, no one has 
designed or produced a peptide as active as ApoA-I - the best 
5 having less than 40% of the activity of ApoA-I as measured by 
the LCAT activation assay described herein. None of the 
peptide "mimetics" described in the literature have been 
demonstrated to be useful as a drug. 

in view of the foregoing, there is a need for the 
L0 development of a stable ApoA-I agonist that mimics the 

activity of ApoA-I and which is relatively simple and cost- 
effective to produce. However, the "rules" for designing 
efficacious ApoA-I mimetics have not been unraveled and the 
J principles for designing organic molecules with the functxon 

4.5 of ApoA-I are unknown. 

3 . SUMMARY P* THE IN VENTION 
j The invention relates to ApoA-I agonists capable of 

Z forming amphipathic .-helices that mimic the activity of ApoA- 

*2 0 I, with specific activities, i^, units of actxvxty 

(activation of LCAT) /unit of mass), approaching or exceedxng 
i that of the native molecule. In particular, the ApoA-I 

J agonists of the invention are peptides or peptide analogues 

1 that- form amphipathic helices (in the presence of Ixpxds) , 

" 25 bind lipids, form pre-0-lxke or HDL-like complexes, actxvate 

— co-rum levels of HDL fractions, and promote 
LCAT, xncrease serum xevex&> ul n.^±j 

cholesterol efflux. 

The invention is based, in part, on the applicants 
design and discovery of peptides that mimic the function of 

30 ApoA-I. The peptides of the invention were designed based on 
the supposed helical structure and amphipathic propertxes of 
the 22 amino acid consensus sequence which was derived from 
the helical repeats of ApoA-I. Surprisingly, the peptides of 
the invention have a specific activity well above that 

35 reported for ApoA- I -derived peptides described xn the 
literature. Indeed, some embodiments of the inventxon 
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ApoA_I ' • -nnQtrated bv way of working 

The invention is illustrated r>y y 

1 „ that describe the structure, preparation and use of 
examples that aescn^ v^i-ir^c, (in the 

exemplified <*• T ^n al ered or Stated f o« 

-rules" which can be used to design altered or 
that are also within the scope of the invention. 

The invention also relates to pharmaceutical 
formulations containing such *po A -I agonists 

to treat diseases associated with dyslipoproternemia 
Zu. cardiovascular diseases, atherosclerosis et hoi. 
syndrome), restenosis, or endotoxemra (e^u, sept 

3.1. f l pPt?TCVTATIONS 

As used herein, the abbreviations for the 
genetically encoded L- enantiomeric amino acids are 
conventional and are as follows 



30 
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M * -For the D-enantiomers of the 
The abbreviations used for tne 
geneticill encoded amino acid, are iower-case e.urvalents 
re one letter symbols. For example, »*» designates 
L -arginine and "r- designates D-argimne. 

3 2 piagTNTTIONS 
M used herein', the following terms shall have the 

following meanings: 

* = t-o a saturated branched, straight 
"Alkvl:" refers to a satuiai.c 

v. „^ral Typical alkyl groups 
v. ■„ rvrlic hydrocarbon radical- iypj.^ 

isopropyl, butyl, isouu y alkvl groups are 

and the like. In preferred embodiments, the alkyl g 

( Cl -C 6 ) alkyl. 

the cis or trans ^ * limite d to. 

Typical alkenyl groups xnclude but are ^ 
ethenyl, propenyl. isoprope nyl, butenyl 
butenyl. pentenyl, hexenyl and the Irke IP 
embodiments, the alkenyl group « (C.-c.) alkenyl 
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<alJom£l! . refer, to an unsaturated branched 
Alten*_ carbon radical having at least 

straight chain or cyclic y i 
on caroon-carhon t ^P e ,O d yP^ 

include, but are not preferred 
isobutynyl, pentynyl. hexynyl and he 
embodiments, the alkynyl group is «VC.) alkyny 

„ a ^ i; „ re£e rs to an unsaturated cyclic hydrocarbon 
• ^h. electron system. Typical aryl 
radical having a conjugated * eleC "° * 4 -diene, 

• i a* -hut are not limited to, penta 
g rcups - cl ^; i bUt an f hracylf azulenyl , chrysenyl, coronenyl, 
phenyl, naphthyl anthr y Qvalenyl( pe rylenyl, 

fluoranthenyl, xxuUcenyl. idenyl 

phenalenyl, phenanthrenyl , picenyl p red 
pyranthrenyl, rubicanyl. and the lik . ^ 
embodiments, the aryl group is (C 5 -C 20 ) ary 
particularly preferred. 

4= = ,-o a straight -chain alkyl, alkenyl 
"Alkarvl:" refers to a scraiyn 
- L)C Y - . 0 of the hydrogen atoms bonded to a 
or alkyny, . group ^ L iety . TyP ical 

terminal carbon is rep d ^ 

alkaryl groups include, but are n naDhthe „obenzyl and 

benzylidene. benzylidyne, benzenobenzyl naphth 

-r ^^.-For-r^d embodiments, the alKaryj. y f 
th e like. in preferred e ^ ^ the 

C 2S , alkaryl ... .. the al y ^ _ „ 

alkaryl group is (C C > e ^^ ^ ^ ^ ( 

"raid Te tL alkyl, alkenyl or alkynyl moiety of the 
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(C 5 -C 10 



) 



Cl3 , — • mo . ety is 

alkaryl group is (Cj. t- 3 j 

, 1HstsI2aEvi: .. refers to an aryl moiety wherein one 
or _ carbol^ ^^Z^JZ " 

inciud*: ~ r^rt^. 

ars anthridine. "^.'indole, 
fn—le-r—re! .oarsinoline , isobenzof ura, 



-20- 




-PATENT- 



isochromene, isoindole, isophosphoindole, isophosphxnolxne , 
isoquinoline, isothiazole, isoxazole, naphthyridine , 
perimidine, phenanthridine , phenanthroline , phenazxne, 
pnosphoindole, phosphinoline , phthalazine, pteridine, purxne, 
5 pyran, pyrazine, pyrazole, pyridazine, pyridine, pyrxmxdxne, 
pyrrole, pyrrolizine, quinazoline, quinoline, quinolxzxne, 
quinoxaline, selenophene, tellurophene , thiophene and 
xanthene. In preferred embodiments, the heteroaryl group xs a 
5-20 membered heteroaryl, with 5-10 membered aryl bexng 
10 particularly preferred. 

...i^.roarvl:" refers to a straight-chain alkyl, 
alkenyl or alkynyl group where one of the hydrogen atoms 
□ bonded to a terminal carbon atom is replaced with a heteroaryl 

is moiety. In preferred embodiments, the alkheteroaryl group xs 
m e-26 membered alkheteroaryl, i.e., the alkyl, alkenyl or 

^ alkynyl moiety of the alkheteroaryl is ( Cl -C 6 ) and the 

u heteroaryl is a 5-20-membered heteroaryl. In particularly 

W preferred embodiments the alkheteroaryl is 6-13 membered 

u 20 alkheteroaryl, i.e., the alkyl, alkenyl or alkynyl moiety xs a 
riJ 5-10 membered heteroaryl. 

■ ^.Hh.hed? ^ 1 * 1k *" v] ^^V 1 ' ArYl ' Alkary1 ' 
^ i^H.^rv! or nwv^roarvl :" refers to an alkyl, alkenyl, 

25 alkynyl, aryl, alkaryl, heteroaryl or alkheteroaryl group xn 
which one or more hydrogen atoms is replaced with another 
substituent. Preferred substituents include -OR, -SR, -NRR, 
-NQ 2 -CN, halogen, -C(0)R, -C(0)OR and -C(0)NR, where each R 
is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, 
3 0 alkaryl, heteroaryl or alkheteroaryl. 

4. BPTRF DESCRIPTION 0 * TWE FIGURES 

FIG 1A is a schiffer-Edmundson helical wheel 
diagram of an idealized amphipathic .-helix in which open 
35 circles represent hydrophilic amino acid residues and shaded 
circles represent hydrophobic amino acid resxdues. 
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FIG . " IB is a helical net diagram of the idealized 

amphipathic helix of FIG. 1A. 

FIG. 1C is a helical cylinder dxagram of the 

idealized amphipathic helix of FIG. 1A. 

FIG 2A is a Schif f er-Edmundson helical wheel 

* ci-r„rfure (I) illustrating the 
diagram of the core peptide of structure 

hydrophobic amino acid residues and partially 
represent either hydrophilic or hydrophobic amino acid 

residues) ^ ^ ^ ^ q£ th . core peptide 

of structure (I) illustrating the hydrophobic face o£ the 

heliX ' pig 2C is a helical net diagram o£ the core peptide 
of structure CI) illustrating the hydrophilic face of the 

heliX ' FIG 3A is a helical net diagram illustrating the 
hydrophilic face of Segresfs consensus 22-mer peptide 
(PVLDEFEEKLNEELEALKQKLK; SEQ ID NO:75) . 

FIG. 3B is a helical net diagram illustrating the 
hydrophilic face of exemplary core peptide 146 
(PVLELFEHLLERIADALQKKLK; SEQ ID NO: 14 6) . 

FIG 4A is a helical net diagram illustrating the 
hydrophobic face of segresfs consensus 22-mer peptide (SEQ 

N0:75> ' FIG 4B is a helical net diagram illustrating the 
hydrophobic face of exemplary core peptide 146 (SEQ ID 

NO:146) ' FIG 5A is a Sohiffer-Edmundson helical wheel 
diagram of Segresfs consensus 22-mer peptide (SEQ ID NO : VS). 
FIG SB is a schiffer-Edmundson helical wheel 

diagram of exemplary core o^lTZ^ «*« 

FIG 6 is a computer model ot two v v 

ID N0146) arranged in an antiparallel fashion in which 
residues Gl„-7 and Gin-IB are highlighted to illustrate the 
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ability of these two peptides to for, inter m olecular hydrogen- 
bonds when bound to lipids. rv _ order branched 
FIG. 7A illustrates a tertiary oraer 

™ k °7£ ^Inus-ates a ^.-0* branched 

o£ the invention^ „ Lys . tree „ bra nched 

10 network ^ — -; aph illustrating th e differences 

between the observed H. chemical ^"o-.^, 
random coil a. chemical shifts £or pept.de !46 (SEQ ID 
S and segrest ■ . consensus 22 -mer peptide (SEQ ID ^ 75K 

3 pig . SB is a graph illustrating the differences 

f between the observed amide proton chemica ^ "^^^ 
jl tabulated random coil amide proton chemical shifts for pepti 

if 146 (SEQ ID N0:146> and Segrest's consensus 22-mer peptide 

? <SEQ ID Txo. ' BC is a graph comparing the secondary amide 

Sf° proton chemical shifts observed for peptide 146 <«» 
^ NO. ,46) (•) with those of an idealized a-helix <«> Un the 

'J "eatILd Llix. hydrophilic residues are represented as open 

' oirc les hydrophobic residues as shaded circles) . 

FIG .9 is a graph illustrating the lipoprotein 
profile of a rabbit in.ected with 8 mg/xg body weight of 
peptide 146 (SEQ ID NO-.146) (in the form of peptide/DPPC 
complexes,^ ^ ^ ^ ^ variQus 

30 aggregation states and peptide-lipid complexes that can be 
opined with the ApoA-I agonists of the invention^ Left 
I timerization process of the peptides 

interaction of several peptide helices and leading he 
formation of oligomers in conditions of defined peptide 
35 concentration, pH and ionic strength. Center: The 

interaction of the peptides (in any of these states of 
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aggregation) with lipidic entities (such as SUVs) leads to 
lipid reorganization. Right: By changing the lipid =peptide 
molar ratio, different types of peptide-lipid complexes can be 
obtained, from lipid-peptide comicelles at low lipid-pept.de 
ratios, to discoidal particles and finally to large 

Itilamellar complexes at increasingly higher lipidrpeptide 



mu 

ratios 



FIG. 10B illustrates the generally-accepted model 
for discoidal peptide- lipid complexes formed in a defined 
0 range of lipid : peptide ratios. Each peptide surrounding the 
disc edge is in close contact with its two nearest neighbors. 

5. nBTMLED pTgflfTRTPTION ™ ™* T INVENTION 

The ApoA-I agonists of the invention mimic ApoA-I 
5 function and activity. They form amphipathic helices (in the 
presence of lipids), bind lipids, form pre-/3-like or HDL -like 
complexes, activate LCAT , increase serum HDL concentration and 
promote cholesterol efflux. The biological function of the 
peptides correlates with their helical structure, or 
20 conversion to helical structures in the presence of lipids. 

The ApoA-I agonists of the invention can be prepared 
in stable bulk or unit dosage forms, e_^, lyophilized 
products, that can be reconstituted before use in vivo or 
reformulated. The invention includes the pharmaceutical 
25 formulations and the use of such preparations in the treatment 
of hyperlipidemia, hypercholesterolemia, coronary heart 
disease, atherosclerosis, and other conditions such as 
endotoxemia causing septic shock. 

The invention is illustrated by working examples 
30 which demonstrate that the ApoA-I agonists of the invention 
are extremely efficient at activating LCAT, and thus promote 
RCT. Use of the ApoA-I agonists of the invention in vivo in 
animal models results in an increase in serum HDL 



35 



concentration. 

The invention is set forth in more detail in the 
subsections below, which describe: the composition and 
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structure of the ApoA-I peptide agonists; structural and 
functional characterization; methods of preparation of bulk 
and unit dosage formulations; and methods of use. 

5 ! pctttDE ST "™"™*" FOHCTIQH 

The ApoA-I agonists of the invention are generally 
peptides, or analogues thereof, which are capable of forming 
amphipathic a-helices in the presence of lipids and which 
mimic the activity of ApoA-I. The agonists have as their 
feature a "core" peptide composed of 15 to 29 am.no acid 

ioues, preferably 22 amino acid residues or an a, , ogue 
thereof wherein at least one amide linkage in the peptide is 
replaced with a substituted amide, an isostere of an amide or 

an amide ^ the invention are based, in 

part, on the applicants' surprising discovery that altering 
certain amino acid residues in the primary sequence o he 22 
me r consensus sequence of Venxatachalapathl et al 1991. Mol. 
conformation and Bio!. Interactions, Indian Acad. Sc.. B.5S5 
596 ( pVLDEFREKLNEELEALKQKLK ; SEQ ID N0-.75; hereinafter 

Iresfs consensus 22-mer" or "consensus 22-mer») that were 
thou* to be critical for activity yields synthetic peptides 
2 ch xhibit activities that approach, or in some embodiments 
even exceed, the activity of native ApoA-I. In P*"-ula^ 
the applicants have discovered that replacing three charged 
amino acid residues in Segresfs consensus 22-mer peptide 
(Glu-5 I.ys-9 and Glu-13) with a hydrophobic Leu residue 
provides peptides that mimic the structural and 
properties of ApoA-I to a degree that is unprecedented in the 

While not intending to be bound by any particular 
theory, it is believed that the helix formed by the ApoA-I 
agonists of the invention more closely mimics the -ructural 
and functional properties of the amphipathic helical regions 
of native ApoA-I that are important for effecting lipid- 
binding, cholesterol efflux and LCAT activation than does the 
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* * bv the ApoA-I mimetic peptides described in the 
c-helix formed by the Apoft exhibit 

t-Vi^r-^bv resulting xn peptides tnciu 
literature, thereby res a activity than these other 
significantly higher ApoA-I-UKe ac : y q£ ^ 

peptides, mdeed whereas many ^ ^ ^ ^ 

^rr-T^: " -e SO the best peptide ApoA-! mimics 
described in the literature- peptide 18AM4 

^EWLEAFYKKVLEKLKELF ; SE Q X.NO, 2 «, (Oorxn 3 n -t a ; 3 

Biochi.. Biophys. Acta H70, 8-16, ^"^ ^cetylated. 

■~ AV^cit-ract Nos. 186 and 18 /J anu 
Ar terioscleros s: Abstract ^ 

C-amidated peptide iSAM 4 ( Q ^ ^ <% an(J 

Biochim. Biophys. Acta 1170 ^. 7 ' aB measur ed by 
n%. respectively, of the activity o£ ApoA 

the LCAT activation assay the invention, the 

in one illustrative embodiment of the 

formula (1) : 



wherein 



Xi is Pro ,P. , Ala (A) , 01, (0) , am (Q) , «» <»> ■ ^ 



(D) or D-Pro (p) ; 

X 2 is an aliphatic amino acid; 
X 3 is Leu (D or Phe (F) ; 
X 4 is Glu (E) ; 

X 5 is an aliphatic amino acid; 
X 6 is Leu (D or Phe (F) 
X 7 is Glu (E) or Leu (L) 
X 8 is Asn (N) or Gin (Q) 
X 9 is Leu (L) ; 

X 10 is Leu (L) , Trp (W) or Gly (G) ; 

xL is an acidic amino acid; 

X 12 is Arg (R) ; 

X 13 is Leu (L) or Gly (G) ; 
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X 



14 



is Leu (L) , Phe (P) or Gly (G) : 



X 15 is Asp (D) 
X 1S is Ala (A) 
X 17 is Leu (D 
v is Asn (N) or Gin (Q) ; 
X 19 is a basic amino acid; 
X 20 is a basic amino acid; 
X 21 is Leu (D ; and 
X " is a basic amino acid. 



^tides of structure (I) are defined, in 
The core peptides or s Masses. The 

cordon U- -Option - — ~ 

altered embodiments of atrU ^ tU " " cture (I) , the symbol 

In the core peptides of "™ designa tes a 

„_,. between amino acid residues X gener y „ _ „ 

usually represents a pepti howe ver, that the 

Tt- is to be understood, however , 
(-C(O)NH-)- It to De analogues wherein one 

or more - lde . link ;f e S fe 1 r S abi ; . substituted amide or an 

ot her than am.de, prefera y ^ withln 

isostere of amide. Thus, vmi 

it> are generally described m terms 
structure (I) are gene , invention are 

acids, and ^ ' * ^ving -m in - art 

exemplified by -ay o ^ .. 
will recognize that n e u3ed herein re£e rs to 

the term "amino acid' or similar in 

other bifunctional moieties bearing gr P 

structure to the side chains of the » > ^ 

substituted ^ Z ^ 0) Z, where R is 
limited to, groups of the for alkanyl , substituted 

.1*1. substituted ( c i; c : » ■ ^ 
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v , 5_20 membered heteroaryl, 
substituted (C«-C a6 ) alka ^. teroaryl or 6-26 membered 
substituted 5-20 ^:^;TJ^^ alkheteroaryl 
alkheteroaryl and ■*»""^ 1 _ r . lly include, but are not 

Xsosteres ox amide ge ^ ^ an<J crans , , 

limited to, -CH 2 NH- , -CH.S- , ; » ' Compoun ds having such 

-ClOCH,-, - CHt0H,CH " " tho t £or preparing such compounds 
no n-amide linages and methods fo^ ^ ^ ^ 

ar e well-known in the art (s^, .fepcid. Backbone 

vega Data Vol. 1, I«» «^ Bioohemis try of Amino Acids 
Modifications" In: Chemistry an New 
Peptides and ^'^^V. 1980, -ends Pharm. 

York, P. 2" <9* neral 1979 . int. J • "ex. Mb. 

sci . Hudson ^ ■ ^ al __ 198S , L i£e 

14ll 77-lB5 (-CH.NH-, - CH * CH ^ P 1982 , a. Chem. soc. Perkin 
Sci. 38:1243-1249 ^ ' ^ s and trans,; Almost .t 
Trans. I. 1 = 307-31* (-CH-CS . Je nnings- 
al ., i 98 0, a. Med. Che- 23.13 ( _ C0 CH 2 -); European 

Mhite e t al.. ""•''•^"Um) CA 97,39405 .-CHWMCH,-). 
Patent Application EP «« 5 LeCC . 24; «01-4404 
Holladay et .1.. 1"3. """^ soi . 31,189-199 <-<*-<"> ' 
(.CWHICH,-); and Hruby, 1582. can b 

Additionally, one o -r ^ ^ ch 

replaced with P^idomimeti= the structure or activity 

do not significantly mterf e are 
o£ the peptides. Suitable ^ _ _ ^ Med . che m. 

described, for example, in 

36:3039-3049. n feature of the core peptides of 

A critical £ «"" £orm an a mphipathic a- 

st ructure (I) , i* ^ f ^ J amphipathic is meant 

belix in the presence of lip ^ c and hydrophobic 

th at the a-helix has opposing hy P ^ ^ o£ ^ 

face, oriented along its Ion ax ■ ^ the 

belix projects mainly >«*^^ phobio side chains. ««. 
opposite face projects ^ ^ o£ the opposing 

1A and IE present two an exem plary ideall-d 

bydrophilic and hydrophobic faces 
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amphipathic a-helix. FIG. 1A is a Schif f er-Edmundson helical 
wheel diagram (Schiffer and Edmundson, 1967, Biophys . J 
7-121-135) . in the wheel, the long axis of the helix is 
perpendicular to the page. Starting with the N- terminus, 
successive amino acid residues (represented by circles) are 
radially distributed about the perimeter of a circle at 100 
intervals. Thus, amino acid residue n + l is positioned 100° 
from residue n, residue n + 2 is positioned 100° from residue 
n+l and so forth. The 100° placement accounts for the 3.6 
amino acid residues per turn that are typically observed in 
an idealized a-helix. In FIG. 1A, the opposing hydrophilic 
and hydrophobic faces of the helix are clearly visible; 
hydrophilic amino acids are represented as open circles and 
hydrophobic amino acid residues are represented as shaded 

FIG. IB presents a helical net diagram of the 
idealized amphipathic helix of FIG. 1A. (Lim. 1978, FEES 
Lett 89:10-14). In a typical helical net diagram, the or- 
helix is presented as a cylinder that has been cut along the 
center of its hydrophilic face and flattened. Thus, the 
center of the hydrophobic face, determined by the hydrophobic 
moment of the helix (Eisenberg et al . , 1982, Nature 299:371- 
374) lies in the center of the figure and is oriented so as 
to rise out of the plane of the page. An illustration of the 
helical cylinder prior to being cut and flattened is depicted 
in FIG. 1C. By cutting the cylinder along different planes, 
different views of the same amphipathic helix can be 
observed, and different information about the properties of 

the helix obtained. 

The amphipathic nature of the a-helix formed by the 
core peptides of structure (I) in the presence of lipids is 
illustrated in FIG. 2. FIG. 2A presents a Schif f er-Edmundson 
helical wheel diagram, FIG. 2B presents a helical net diagram 
illustrating the hydrophobic face and FIG. 2C presents a 
helical net diagram illustrating the hydrophilic face. In 
each of FIGS. 2A, 2B and 2C, hydrophilic residues are 
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represented as open circles, hydrophobic residues as shaded 
circles, and residues which can be either hydrophilic or 
hydrophobic as partially shaded circles. As will be 
discussed more thoroughly below in conjunction with altered 
or mutated forms of the peptides of structure (I) , certain 
amino acid residues can be replaced with other amino acid 
residues such that the hydrophilic and hydrophobic faces of 
the helix formed by the peptides may not be composed entirely 
of hydrophilic and hydrophobic amino acids, respectively. 
Thus, it is to be understood that when referring to the 
amphipathic <*-helix formed by the core peptides of the 
invention, the phrase "hydrophilic face" refers to a face of 
the helix having overall net hydrophilic character. The 
phrase "hydrophobic face" refers to a face of the peptide 
having overall net hydrophobic character. 

While not intending to be bound by any particular 
theory, it is believed that certain structural and/or 
physical properties of the amphipathic helix formed by the 
core peptides of structure (I), are important for activity. 
These properties include the degree of amphipathic ity, 
overall hydrophobicity , mean hydrophobic! ty, hydrophobic and 
hydrophilic angles, hydrophobic moment, mean hydrophobic 
moment, and net charge of the ot-helix. 

While the helical wheel diagrams of FIG. 2A provide 
a convenient means of visualizing the amphipathic nature of 
the core peptides of structure (I), the degree of 
amphipathicity (degree of asymmetry of hydrophobicity) can be 
conveniently quantified by calculating the hydrophobic moment 
(/x ) of the helix. Methods for calculating m« for a 
particular peptide sequence are well-known in the art, and 
are described, for example in Eisenberg, 1984, Ann. Rev. 
Biochem. 53:595-623. The actual M „ obtained for a particular 
peptide will depend on the total number of amino acid 
residues composing the peptide. Thus, it is generally not 
informative to directly compare /x„ for peptides of different 
lengths . 
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The amphipathicities of peptides of different 

., / N ) Generally, core peptide 
(i ' e " '"""the range o £ o.«5 to 0.65. as determined using the 
a <M„> '» the range ° „ .. scale of Eisenberg 

normalized consensus *-""^"£.££ 42) are considered 
(El senberg, a. Mol_ 5 ^ _ ^ 

to be within . r/ein preferred. 

" "The Lerln or total hydrophobicity «.> - • 

peptide can be conven iently calc ^ Jf^T Mld 

algebraic sum of the hydrophobic i ties 

. J , . H s f Kj), where N is the 

residue in the peptide (i.e., 

num ber of amino acid residues in the ^ ^ 
hy dro P hobicity of the - ^ -ided by the 

hydrophobics (<H C >) is the ny * ^ ^ Generally, 

core peptides that exhibit normalized 

o£ -o.OSO to -0.070, as ^°™™\^T 9 < E isenber g . X9.4. 

consensus hydrophobicity scale °* ^ 9 „. thin the 

. -i n Q .i9q-i42 are considered ^ 
j. „ol. Biol. 179.125 142) hydro phobicity in 

scope of the present invention, witn 

f o 030 to -0.055 being preferred, 
the range of -0.030 to hydrophobic face 

The total hydrophobicity of the y F 

• v,^ -i v can be obtained by talcing t-ue 
(H/M) o£ an amphipathic hell* -a" ^b ' acid 

B u. of the hydrophobicities of the 

residues which fall into the hydrophobic angle 

belo „ U.e.. H- - E », * iS " PreVi ° USly d6fined 

and * is the total number of hydrophobic amino acids in the 
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• c ^ The mean hydrophobic ity of the 
hyd rophobic face. ^^L/n! where N> is as defined 

" o^ ririy tre peptides which exhibit a <H-> in the 
^Tof 0 90 t l.l as determined usin g the consensus 
range of 0.90 . , E isenberg, 1984. sapra; 

hydr ophobicit y scale of Bisenb g ^ ^ ^ ^ 

Eisenberg et al.. 1962. SMR_< e 

the scope of the present invention, with <H„ 

„f o 940 to 1.10 being preferred. „„•,,„ 
The hydrophobic angle (pho angle) is generally 
The hyd P covered by the longest continuous 

defined as the angle or arc cove y ^ 

stretch ::; d : d nd 3 on helical wheel 

representation (i.e., c . The hy drophilic 

residues on the wheel multip ed^y 2 K ^ ^ ^ 

recc^e'that theVo and P hi ^ 

on the number of amino^cid residue n the^ ^ ^ 

example. "^"^^^ ^ rotation of the Schiffer- 
o„l y 18 ammo acids fit aroun ^ ^ ^ 

r::ix.rrrLracidr:iuse M - 

— - ^—rofT^s zzz.-~ r . 

amino add ^-^-r.^^-™ 

a L e Lino acid residue at 

residu es is -an that at l a ^ ^ _ amino ^ 

positions along the » h « ^ referring to FIG. 5B, the 

is a hydrophobic amino acid. Thus, re 
„ is the arc covered by residues 5, 16, 9, 2, 13, 

?T 10 3 and 14 despite the occurrence of a hydrophilic 
17 , 10 , 3 and 1 P ^ tion 2 , uhlc „ 

residue at position 20 as th ^ ^ ^ & 

occupies the same ~ ^^p.^. having a pho 

hydr opho b ic residue Typ to be 
angle in the range of 160 to 22U 
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within the scope of the invention, with a pho angle in the 
range of 180° to 200° being preferred. 

Certain structural and/or physical characteristics 
of the core peptides of structure (I) are illustrated in 
FIGS. 3 and 4. FIG . 3B presents a helical net diagram of an 
exemplary core peptide of the invention, peptide 146 
(PVLELFENLLERLLDALQKKLK; SEQ ID NO: 146), illustrating the 
charge distribution along the hydrophilic face of the helix. 
In FIG. 3B, the helical cylinder has been cut along the 
center of the hydrophobic face and flattened. The three 
hydrophobic Leu (L) residues that replace hydrophilic 
residues in Segrest's consensus 22-mer (FIG. 3A) are shaded. 
As can be seen in FIG. 3B, positively-charged amino acid 
residues are clustered at the last C-terminal turn of the 
helix (the C-terminus is at the top of the page) . While not 
intending to be bound by any particular theory, it is 
believed that this cluster of basic residues at the C- 
terminus (residues 19, 20 and 22) stabilizes the helix 
through charge (NH 3 *) -helix dipole electrostatic interactions. 
It is also thought that stabilization occurs through 
hydrophobic interactions between lysine side chains and the 
helix core (see, Groebke et al . , 1996, Proc . Natl. Acad. Sci. 
U.S.A. 93:4025-4029; Esposito et al . , 1997, Biopolymers 
41 : 27-35) . 

With the exception of the positively-charged C- 
terminal cluster, negative charges are distributed on the 
rest of the hydrophilic face, with at least one negatively 
charged (acidic) amino acid residue per turn, resulting in a 
continuous stretch of negative charges along the hydrophilic 
face of the helix. One positive charge is located at residue 
12 which potentially contributes to helix stability by 
forming a salt bridge with an acidic residue one turn away on 
the helix. 

FIG. 4B presents a helical net diagram illustrating 
the hydrophobic face of the amphipathic helix formed by 
exemplary core peptide 146 (SEQ ID NO:146). In FIG. 4B, the 
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n ~ t-v^ center of the hydrophilic 
helical cylinder is cut along the cent, 
face and flattened. The hydrophobic face o t 
consists o £ two hydrophobic ^^^ZZJ. ~ 
last C-terminal turn, where basic res ^ 
studies indicate that amino acid , 6. 9 ^ 

this core peptide form -^^^ th is cluster and 

hydrophobic cluster. particular 

. e rLS^^r^*i- , -^ -rmed by 

theory, it is believe . n , ficant in effecting lxpid 

■-a ^ fi 9 and 10 is significant m 
residues 3, 6, s ^-s^t-hic peptides are 

~x tcrt activation. Amphipatnic peyu 
binding and LCAT active , ni . ina their hydrophobic 

faces tow hydrophobic cluster 

it is believed that this nag y y observed for the 

contributes to the strong ^ ' * binding is . 

core peptides of the invention Since P ^ 
prerequisite for LCAT activation it « activatio „. 

199 0, Biosci. Rep. 10.127 130, Bioch im. 

•^n-645-651; Blondelle et al . , 
Science 250.645 651, further believed 

Biophys. Acta 1202:331-336) ^ 

mention a^ids - « - ^ ILIT^ 
complex es. As illustrate in ,0 1^ dependB 
obtained (comicelles. ^ cot „icelles generally 

on the lipid.peptide molar ratio, w digco idal 
oeing formed at low lipid:peptide molar ™ with 

and vesicular or multilayer complexes being £ > 

increasing lipid:peptide molar ratios. This 
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has been described for amphipathic peptides (Epand The 

\ Helix 1993) and for ApoA-I (Jones, 1992, 

Amphipathic Helix, 1 ins> chapte r 8, pp. 

Structure and Function of Apolip P dete rmines the 

917-250) The lipid: P eptide molar ratio ais 

and co.posi.ion o £ the complexes (see. Sect!on 5.3.1. 

infra> ' The long axis of the a-helix formed by th. core 

„ „f structure (I) has an overall curved shape. In 
^ fam h! Ittlc helices, it has been found that the 

Jngths of the hydrogen £ — - ^ o£ the 

hydrophobic faces vary uch .ha *^ , ^ ^ 
helix „ concave (Barlow a ^ Milll74 . 

201:601-619; Zhou et al . , 19«. ^ ,.,27-135). While 

•,1 .i- al 1997, J. Biomol. NMR 9:127 
11183,- Gesell et al., 1»". believed that the 

not intending to be bound by theory, t is bell 
overall curvature of the hydrophobic face of the h 
important in binding discoidal complexes - a cur 

v. to "fit" better around the edges or 

permits the peptide to tit d lability of the 

discoidal particles, thereby increasing the stability 

peptide-disc complex. structural model of 

in the generally accepted 
Apoft -I. the amphipathic c-helices are pacKed ^J*" 

„. HDL (see FIG. 10B). In this model, the 

^l^es ar/i rt: :: aligned with their hydrophobic 

::r ointmg «. -^5^;::^^ 

iqqo Biochim. Biophys. Acta 1043:245-252) . 
al., 1990, Biochim * fashion, and a cooperative 

are arranged in an «^» lle t fco contribu te to the 

effect between the helices is tnu y 
lability of the discoidal HDL complex ^ ' l " ' 

Th has been proposed that one factor that 
SUM) . It has bee p P discoida l complex rs 

sr.— .--2 ». :r - -t:,; 

parallel helices. In this model, the peptic 
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■ , but as in interaction with at least 
not as a single ent.ty. but as ^ ^ 

tU o other neighboring pept.d mo intra molecular 

It is also generally accep and 
hyd rogen bona or salt bridge a „ d i+3 o, the 

ba sic residues, ^^JJ^ .Karqusee et al.. 1-5. 
h eli* stabilise the .. 889 e-89021 . 

Pro =. Natl. Acad. SO, USA 84(2 » ^ ^ peptides 

Th us, additional key tea . ntermolecu lar 

/-n are their ability ^ 
of structure (I) are aligned in an 

hy drogen-bonds with one ^ hobic face s pointing in 

antiparallel fashion the case when the 

the same direction, such betwe en the acidic 

peptides are hound to lip^ ^ • ^ at 
residues at positions 4 and to form 

positions 19, 20 and 22) and also ^ ^ n _ and 

intramolecular hydrogen bonds or 

C-termini of the helix pepti des of structure (I) 

The ability of the core p P strated in FIG . 

to fo rm intermolecular hydroger . bond ^ ^ peptide 

6 . xn PIC 6. two ideal ^-hel-es ^ fashion 

146 (SEQ ID ^-^.^Lic faces pointing in the same 
with their respective hya p H _ bo nding 
dire ction (out of the P^^^. E _ 7 and Q-18 

interactions could occur between ^^.^ 34 (41) :13267 - 

(Huyghues-Despointes et al., ' 

13271) . arranaed in this anti-parallel 

F urthermore. «™ ^™^ ed: there is no steric 
Eashion, the helices are closely P ^ 
hindrance preventing close contact ^ ^ ^ t 

iterations in the sequence ° £ ^ influ ences the activity 
th e packing of the helices negat.vely 

o£ the core peptides. by any parCicula r 

ThU s, wh.l b " th * ability o£ the core peptides 
theory, it is belreved that th lly interact to 

o£ structure (I) to closely pack a 
£or , intra- and/or inter-molecular salt 
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hydrogen „ he n r: t o UP- . che 

fashion is an important feature 

invention. i Are to form favorable 

Thp ability of the core peptides to 

intermol e:r P e ptl Y d e-pe Ptr intentions " 
to be o, relevance in the absence o P «U ^ ^ 
peptides of the — ^ angle TABLE X, 

their high <|i»>, «H.> » nd p depends on the 

■ * i The self-association phenomenon depen 
infra) The sel concent ration and ionic strength, 

conditions of pH, pept assoc iation. from 

and can result in several states ot 

monomeric to several multimenc for- (K^ * ^ bic 
hydrophobic peptides to 

interactions with concentrations may favor their 

aggregate even at very ^ ^ ^ q£ che 

binding to lipids. It S interactions also occur 

r.e-Dtide aggregates peptide peptiu. 

total number of charged residues, and the 

PePCidSS - a summary of the preferred physica 1 ^ ~£ 
pr operties of the core peptides of structure <I, P- 
in TABLE I, below: 
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TABLE I 

PHYSICAL PROPERTIES OF PREFERRED 
A poA-I AGONISTS OF STRUCTURE (I) 



% hydrophobic amino 
acids 

<H Q > 

<H 0 ph0 > 

<Mh> 

pho angle 

# positively 
charged amino acids 

# negatively 
charged amino acids 

net charge 

hydrophobic cluster 

acidic cluster 

basic cluster 



RANGE 

40 - 70 

-0.050 to -0.070 
0.90 - 1-2 
0.45 - 0.65 
160 ° - 220° 
3 - 5 



PREFERRED RANGE 

50 - 60 

-0.030 to -0.055 
0 . 94 - 1.1 
0.50 - 0.60 
180° - 200° 
4 



3 - 5 

1 to +1 ° 
positions 3°6,9,10 are hydrophobic amino acids 
at least 1 acidic amino acid per turn except 
at l ea f S or last 5 C-terminal ammo adds 
at least 3 basic amino acids in last 5 C- 
aC terminal amino acids 



The properties of the amphipathic c-helices formed 
rides of the invention differ significantly 
by the core peptides ot tne . 
from the properties of class A amphipathic a-helices, 
from the PP of Segrest , s consensus 22- 

r iC rse Y d:rfe C re;ces are illustrated with exemplary core 
peptide 14. (SEQ ID «,:!«) in FI«. 3-5 ^ ^ ^ 

Referring to FIGS. 4A anu <± , 

* - npnt ide 146 has much greater 
the hydrophobic face o Mc face of Segre st's 

hydrophobe character than the y P ^ 
consensus 22-mer. In particular, residue b, 
COnSS _ pTQ 4B) are hydrophobic Leu <L> residues in 
region of FIG. 4B) are ny v char qed residues 

peptid e M . <SK 0 ID «°;"^»^ "Je r/p-ce^en, o £ 

and other properties of the helix. 
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A comparison of the physical and structural 
properties of peptide 146 (SEQ ID NO: 146) and Segrest's 
consensus 2 2-mer (SEQ ID NO: 75) is provided in TABLE II, 
below : 



TABLE II 



COMPARISON OF PROPERTIES OF EXEMPLARY 
CORE PEPTIDE 146 (SEQ ID NO: 146) WITH 
SEGREST'S CONSENSUS 22-MER (SEQ ID NO: 75) 





PROPERTY 


CONSENSUS 
22-MER 


PEPTIDE 146 




# amino acids 




22 


J 15 


# hydrophilic 
amino acids 


13 


i n 




# hydrophobic 
amino acids 


9 


12 




% hydrophobic 
amino acids 


41 


55 


^2 0 


<H Q > 
<H Q pho > 


-0.293 
0. 960 


-0.013 
0 . 990 




<Mh> 


0 .425 


0 . 577 




pho angle 


100° 


200° 




# positively 
charged amino 
acids 


5 


4 




# negatively 
charged amino 
acids 


6 


4 


30 


net charge 


-1 


0 



Most notably, the core peptides of structure (I) 
are composed of a larger percentage of hydrophobic residues, 
have a significantly larger <H 0 > and </x H >, and have a two- fold 
larger pho angle than Segrest's consensus 2 2-mer (see FIGS. 
5A and 5B) . These differences in properties lead to 
significant differences in activity. Whereas Segrest's 
consensus 22-mer (SEQ ID NO: 75) exhibits only 10% LCAT 
activation as compared with native ApoA-I in the assays 
described herein, peptide 146 (SEQ ID NO: 146) exhibits 86% 
activation as compared with native ApoA-I in the same assays. 
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^r,s^ - - — - - compared with 

native ApoA-I in the sa« » the core pepti des of 

Certain amino acid resiaue residues 
m can be replaced with other ammo add residu 
structure (I) can be p affecting, and in many 

without significantly ^"^^ the peptide s. Thus, 
cases even enhancing, the act vi ^ ^ , 

also contemplated by the P stru cture (I) "herein 

mutated forms of the core peptides o structure is 

at least one defined amino acid J- one of the 

substituted with anot amino acid resi ^ ^ 

critical matures affecting the a t v y ^ ^ ^ a _ 

of the invention is believed to o 

^-p linids that exhibit the 
helices in the presence of lipids C wiU be 

amphipathic and other properties described ab ^ 
recognised that in preferred embodiments of th 
th e amino ^ ~ £ ^"If IT —al 

rre:-s a rt » - ^ ^ 

replaCed ' „ f determining conservative amino acid 

Por purposes of determi g classifie d 
substitutions, the amino cids c ^ 

into two main =«^°" es Dhys ical-chemical characteristics 
depending primarily on the P h ^- ^ caCegorie s can 

o£ the r ino acid side c ain^ The . ^ _ 

be further <"""<"^ * acid side chains, 

define the character is ti « ^ acids ca „ be 

For example, the class o y ^.^ acids 

further subdivided into acidic, basic a P 
The class of hydrophobic amino acids can be ^ther 
Tubdivided into apolar and ^^^^^ 

definitions of the various categories 

define structure (I) are as follows: _ 
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" Hydrophilic Amino Acid " refers to an amino acid 
exhibiting a hydrophobicity of less than zero according to 
the normalized consensus hydrophobicity scale of Eisenberg et 
al., 1984, J. Mol. Biol. 179:125-142. Genetically encoded 
5 hydrophilic amino acids include Thr (T) , Ser (S) , His (H) , 

Glu (E) , Asn (N) , Gin (Q) , Asp (D) , Lys (K) and Arg (R) . 

" Acidic Amino Acid " refers to a hydrophilic amino 
acid having a side chain pK value of less than 7. Acidic 
amino acids typically have negatively charged side chains at 
10 physiological pH due to loss of a hydrogen ion. Genetically 

encoded acidic amino acids include Glu (E) and Asp (D) . 

" Basic Amino Acid " refers to a hydrophilic amino 
acid having a side chain pK value of greater than 7. Basic 
□ amino acids typically have positively charged side chains at 

"|_5 physiological pH due to association with hydronium ion. 

sin Genetically encoded basic amino acids include His (H) , Arg 

t:| (R) and Lys (K) . 

u " Polar Amino Acid " refers to a hydrophilic amino 

Ly acid having a side chain that is uncharged at physiological 

h j20 pH, but which has at least one bond in which the pair of 

s iJ electrons shared in common by two atoms is held more closely 

by one of the atoms. Genetically encoded polar amino acids 
,3 include Asn (N) , Gin (Q) Ser (S) and Thr (T) . 

■ J " Hydrophobic Amino Acid " refers to an amino acid 

25 exhibiting a hydrophobicity of greater than zero according to 

the normalized consensus hydrophobicity scale of Eisenberg, 
1984, J. Mol. Biol. 179:125-142. Genetically encoded 
hydrophobic amino acids include Pro (P) , lie (I) , Phe (F) , 
Val (V) , Leu (L) , Trp (W) , Met (M) , Ala (A) , Gly (G) and Tyr 
30 (Y) . 

" Aromatic Amino Acid " refers to a hydrophobic amino 
acid with a side chain having at least one aromatic or 
heteroaromatic ring. The aromatic or heteroaromatic ring may 
contain one or more substituents such as -OH, -SH, -CN, -F, 
35 -CI, -Br, -I, -NO a , -NO, -NH 2 , -NHR, -NRR, -C(0)R, -C(0)OH, 

-C(0)OR, -C(0)NH 2/ -C(0)NHR, -C(0)NRR and the like where each 
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, [r c) a iwl, substituted (C.-C.) alkyl. 
R is independently (C.-C.) » X * ^ (Ci . c ,, alKynyl. 

(Cl .C,) aiKenyl, substxtuted C, C«) subsCituted ( c s -C„) 

substituted (C-C) aikynyl. C s -C ) y ^ 

m e„bered heteroaryi, sub f ^^.^ 6 . 26 m en*ered 
26 m e,«bered alkheteroaryl or substi ^ 

ponpfically encoded aromai_j.<~ 
alkheteroaryl. Genetxcax y 

include Phe (F) , Tyr (Y) and rp ^ hydrop hobic amino 

"^S^* 1 *^^ at physiological 

acid having a side chaxn that s electro ns shared 

pH and which has bonds xn ^ £ fcy each of 

in common by two atoms xs g^erally ^ ^ ^ _ 

th e two atoms (j^. the inc i u de Leu (L) , Val 

Genetically encoded apolar am.no acxds 

/y\ riv (G) and Ala vA) - 
(V), He (I), Met (M) Gly (G hydro phobic 
"AliEhatd^mino_Acxd' refers 
aiiE IT iDha ti7 hydrocarbon sxde chaxn. 
amino acid havxng an alxphatxc y ^ (A) # 

Genetically encoded alxphatxc amxno 

W ' The^ira": residue Cys CC 
lt can f orm disulfide bridges ^ ^ ^ ab xl xly of Cys 
other sulfanyl-containing amxno acx containing side 

(c) re sidues (and other amxno acxds w ^ 
chains) to exist in a peptxde xn r Cys (c) 

or oxi di Z ed X^X^c'r^^ character 
re sidues contrxbute net y P ^ hydrop hobicity of 

to a peptide^ consensus scale of Eisenberg 

0.29 accordxng to the .. ig to be understood that for 

(Eisenberg, 1984, supra), cate gorized as a 

^, rt nrp£ , pn t invention cys 
purposes of the present x thgtanding the general 

polar hydrophilic amxno acxd, notwxt 

--^tTiifbr^rated by those o, skill 

^ - Parties can be included in .uitipie 
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categories 



,„ amino acid side chains having 
... . FOT eMmPl \ further substituted with polar 

aromatic moieties that are ^ aromattc 

substituents, such as Tyr < ). hydroph ilic properties, 

hydrophobic propert.es and pel and pol 

and can therefore be ""^^ ltttlo n of any amino acid 
categories. The appropr a t e cat^g ^ ^ ^ „ 
ui ll be apparent t tho. ^ herein . 

light of the detaile ^« ue3i callea -helix 

Certain ^~^ d prope nsity to disrupt the 
breaking" amino acids, have P internal pos^ons 

structure of c-helices ^ eJchlbiting such helix- 

„ithin the helix. Ammo acid « ^ ^ ^ 

making =; r ;;; u B :rhem. *z-— > - t lude 

Chou and Fasman, Ann. Rev ' D . am ino acids (when 

pro (E) , oly <« »* P T Inversely, L-amino acids disrupt 
contained in an ,-peptide, converse ly ■ ^ 
helical structure when contarn^ rn ^ ^ ^ 

these helix-breaking ammo acid o£ Gly (G) 

"terries defined above » -he ^P ^ ^ ^ 
(discussed infxa). these internal positions within 

substitute amino acid residues at in Mt . ,. 3 amino 

the helix - they should be use q£ tM 

. -, t-he N-terminus ana/ui 

acid residues at the in 

peptide. . , categories have been 

While the above-de med^ ^ ^ ^ 

exemplified in terms of the g . n certain 

the amino acid substitutions to the genetically 

embodiments preferably are not preferr ed peptides 

encoded amino acids. l*"*^ n on-encoded amino acids. 
of structure (I) contain genet- 1 y genetica lly 
Thus , in addition to the in t he core peptides 

encoded amino acids, amino a= nat urally occurring 

ot structure (I) may be amino acids . 

non .encoded amino acids and amino acids u hich 

certain commonly * nc ° un "* pep tides of 

pro vide useful substitutions for the core 
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t limited to, ^-alanine (0- 
str ucture (I) i-lude, but *~ J> ^ 3 - am inopropionic 

,1a) and other omega-ammo ***** 4 _ a minobutyric acid 

d 2 3-diaminopropionic acid (Dpr) . £ _ aminohe xanoic 

acid, ^ , ^ llt . vr ic acia * 

and so forth,- -»» « S " id (M „ , »-»thylglyc»» °r 
acid (fi ha, , L„, , citrine <Cit> , 

sarcosine ^'^T^W*- ^^t; 
t-butylalanine (t-BuA) , >^ nv ialycine (Phg) ; 

^ ^phenylalanine <«» > - penicillamine 

„ 4-£luorophenylalanine carbo xyUc add 

,W " 2 3 '-^"hydroisoquinolrne-3 car y ^ ; 

(Pen); 1,2,3,* methionine su 

,TiO- 0-2-thienylalanme (Thi . 2(4 _ 
( • (hArq); N-acetyl lysine * 

homoarginme (hArg) . 3 _ dia minobutyric acia ^ 

arid (Dbu) ; u , (MeVal) ; 

amino acids and peptoids IN enc oded and 

^ lated r c ias 3 i £ ica t ion ; , or ^ ^ ^cate^ies 
common non-encoded amino belc. « 

be understood that ^ exhaustl ve list 

onl y and does not purport t substltute the core 

acid residues that can be use ^ resi<Jues c 

ide s described herem. Oth y caCego rr*ed 

^r^r^^ - <r cal prop 

rht "ot th^dennitions provided herern. 
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Classification 

Hydrophobic 

Aromatic 



Apolar 
Aliphatic 



Genetically 
Encoded^ 



F, Y, W 



Non-Genetically 
Encoded 



Phg , Nal, Thi, Tic. ( Phe(4- 
Cl), Phe(2-F). Phe(3-F), 
Phe(4-F) , hPhe 



» d t BuA t-BuG, Melle, Nle, 



A, V, L, I 



t-BuA, t-BuG, Melle, 
Nle, MeVal 



D, E 

H, K, R 

C, Q, N, S, T 
P, G 



Dpr , orn, hArg, Phe(p-NH 2 ), 
Dbu, Dab 

Cit, AcLys , MSG, bAla, hSer 

D . Pro and other ^ amino 
^ids (in T -peptides) 



Hydrophilic 
Acidic 
Basic 

Polar 
Helix- Breaking 

«o the amino acids of the 
while in most instances the ^ uith L- 

core peptides of structure (1) «^ ^ noc Umlted 

enantiomeric amino '""-J Thus , also included in the 

to ^enantiomeric amrno _ ^ those 

definition of "mutated" or acid repl aced with 

situations Where at least one L-anuno ^ ^ ^ ^ ^ m D _ 
an identical D-amino acr sufacaCegory (e ^, L-«g - 
amino acid of the same catego^ ^ 

D-Lys) . and vice versa. ^ administration to 

embodiments that are surtabl advantageou sly be composed 

animal subjects, the peptxdes may ^ 
o£ at least one B-enantro ~™ to be more stable 
containing such D-amino or serum tna n are 

to degradation in the oral acids . 
pe ptides -posed -lusrve ly of - - ^ ^ disrupt the 
Rs noted above. D amino internal positions 

structure of .helices when — « » ^ _ ob3e rved 
o£ an .helical ,-pep d- > ^ ^ peptldes ot str ucture 
that certain mutatea 
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f D-amino acids exhibit 
(I > that ar'a composed -"^ a in the assay described 
ignificantly lower LCAT d entire ly of 

herein than identical pep tides comp ^ fae used t o 

acids. - a consecuence, ^ - acid subsC itutions 

substitute ^-^in: -id residues at the - 

should be limited to pept ide. 
terminus and/or ^-terminus °f' h P acid Gly (0 , 

Rs previously residue wh en contained at 

generally acts as a 9 Qulte surprisingly, the 

Internal positions of a P^£- the he lical structure 

applicants have discovery ^ that ^ in tne 

o£ t he core peptides ^^al amlno a cid residues are 
absence o £ Upids nt.» . q£ Upid su ch 01, 

containing interna generally 
core peptides con although Gly «=> 13 9 

,38% LCM activation. Th " S ' residue , Gly (G) can be 

considered to be a ^ a t i-mal positions of the 

used to substitute ammo acids only internal 

core peptides of structure (I) • turn o£ the 

residues positioned within abou :j 1 p of 

center of the peptide '^^^tituted with Oly «> ■ 
an even that only one internal amino 

Additionally, it is prefe titute d with Gly 0) . 

acid residue in the P. * ' agonists of the invention 

Pre f erred embodiments of t- ^ ^ 
containing internal gly" 

iBi«- . no aeU residue classifications 

Using the amino acid sch if f er-Edmundson 

.escribed above -diagram presentations of the 

helical wheel and *el^ as well as the detailed 

core peptides of structure 
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f rhe desired properties provided herein, 

readily obtained. invention, altered 

* ^TZ Z - of structure «I) are 

or -^^^r^LLc or hydrophobic residues 

and/or hydrophobic clusters can also be 

and/or hy P non -fixed residue 

structure (I) , ana au 

substituted, preferabiy COM "* at "~ ly . lt . rwl or stated 
In another preferred embodiment al tere 

forms of the core peptides of «^ 'portioned within 
fixing the -varophiUc a.rno a d ^ (I) 

the hydroph iirc face f ^ ^ amino acid re sidue 

and substitute at least anQther amino acid 

with another ammo acrd, prefera y Referring to 



»"» - . .-..aory. Referring >-u 

residue of the same category or sub-category 15> 

v,- ^Ux formed by the core peptides of 
rj" " f ^ residues, aU are hydrophiiic except 

r^ue , ^*J;£ZZZ^"™»~ 

amino acid of the same sub-category 
of residues 2, 3, 5, b, ^> 
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forr(sd embodiment, the C- 
m a particularly preferred e ^ ^ ^ ^ ^ 

terminal basic cluster ^ residues 2 , 3, 5, S, 

hydrophobic cluster substituted. 

13 , 14, 16, 17, 20 and/or 21 a pre ferred embodiment, 

In still another P« tl * u1 "* ^ f ixed and only 
both the basic and -—ted. 

■ri,,M 2 5, 13, 14, 16 and/ or inV ention, 
" SldUeS 2 » another preferred the 

alt ered or ^ "^ngThe hydrophobic amino acid 

invention are obtained by f«x ^ £ace o£ the helrx 

residues positioned «th» the * ^ amino a=id re sidue 

a nd -*' tiMtiD ? '^""^^a.. preferably .ith another 
„ it h another ammo add sub _ cat egory. 
reS idue of the same category or . ^ ^ ^ residues 

Referring to FIG. 2 A, ^ ^ ^ positione d 

_ c 6 9,10' 13. !*• 16 ' ' ,, hydrophobic 

2. 3 ' 5 ' . . f , c . of these, all are ny 

within the hydrophobe face^ Uc . Th us, in one 

except for residue 20, which- by 

preferred embodiment rescues 2 ^ (I) and ac le ast 

17 and 21 are fixed according to .t ^ ^ ^ ^ ^ „ is 
one of residues 1. 4, 7, 8, , ■ pte £erably wi<* 

substituted cate gory or subcategory^ 

mother amino add of the sa embodi ment, the C- 

in a particularly prefer ^ ^ aiso 

terminal basic cluster (residues 19. ^ ^ 

£i xed, and only residues 1. L »■ 

substituted. .itered or mutated forms of 

In another embody fay £ixing all of 
the peptides of £ uithi „ the hydrophobic or 
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previousiY I : i r n :::: d ;e^oa iin e„ t «* «. 

such substitution, should not substantially alter the 
=e to^sti^e one or «. ; pairs - = - " 

-r pre ::rseir C ti: r^rir r« 

section 8.3 ^'^^^ embQdiment o£ the invention, the 

firgt one to four amino acid residues - .„ 
and/or C-terminus of the oore peptrde °* or 
substituted with one or more am.no acrd rescue • 

4-^ i-viat- are known to conrer si:aDiiiLJf 
more peptide segments, that kn d _ cap „ res idues 

Science 240:1648-1652; Harper et .1 . , » 

32 <30>, 7605-7609; Bas.upta and Bell IS 93. In 

Pr0t6in ReS - " a L al ' 1994, Biochemistry 33:3396-3403; 
3:1741-1745; Doxg et al . 199 Baldw in, 1995, 

Zhou et al., 1994, Proteins 18:1-7, Doxg 

a i -ioc;-i 336 • Odaert et al . , 
Protein Science 4:1325 1336, ua 

Biochemistry 34:12320-12323, -"^ ^^ L' Science 
Biochemistry 35=337-397; Dorg et .1 199 N . terminal 
6=147-155). Alternatively, the first °" e can be 

and/or C-terminal amino acid residues of structure I 
repLed with peptidomimetic ^"^^^l^.. 
structure and/or properties of end-cap * 
Suitable end-cap mimetics are well-Known » the art. 
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no in Richardson and Richardson, 1988, 
described, for example, in Richar Biochemistry 
Science 240:1648-1652; ^'^^'^3 ' Int . j. Peptide 
32(30) =7605-7609; Dasgupta and Bell, . 

Pro tein Res. 41:499-511- Sea le 33 : 33 96 -3403 ; 

3:1741 17 45; D01, et al ^ ^ ^ ^ ^ 

Zhou et al., iyy*< CJ - , 1995, 

A.i-^25-1336; Odaert et al . , 19^< 
Protein Science 4:132b ijj°, 

Proue lOS ,q. petrukhov et al., 19»«>. 

Biochemistry 34:12820-12829, Petr Prote in Science 

oaT-^q?- Doig et al., 
Biochemistry 35:387 33/, ^ y 

6:147-155). , 0 aerified amino 

While structure (I) contains 22 core 
■ „ -it- is to be understood that tne 
acid residue positions, 22 aminQ 

pepti des of the = i rr^nanv deleted forms 

71:™ (I, -ntalnin, as a, 1. or even IS - 
of structure v^ntially retain the overall 

ac id residues that subset ally aChic helix 

characteristics and P~^e re (I) are considered 

formed by the core peptide . nvention . 

to be within the scope of the pr sCructur e (I) 

Truncated forms of the pepti n _ 
are obtained by deletin, one or ^^.^ £orms 

a nd,or c-terminus of on e or more amino 

of structure (I) are obta / pep tide of structure 

acids from internal positrons . thin t he p^ ^ ^ ^ 

(I) . The internal ammo acid residue 

be consecutive residues reco gnize that 

Tho se of skill in the art wi ^ ^ 

deleting an internal ammo acid residue ic _ 
of structure (X, will - - P- o - hy ^ ^ ^ 
hydro phobic interface of can 

point of the deletion. As sue resultant he lix, in a 

alter the amphipathic properties of the ^ 

4- ^-f hhe invention amino aciu 
pr eferred ^^^^ retain the alignment of the 
deleted so as to substantially interfac e along the 

plane of the hydrophilic-hydrophobic interface 

entire long axis of the helix. 
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This can be conveniently achieved by deleting a 
sufficient number of consecutive or non-consecutive amino 
acid residues such that one complete helical turn is deleted. 
An idealized a-helix contains 3.6 residues per turn. Thus, 
in a preferred embodiment, groups of 3-4 consecutive or non- 
consecutive amino acid residues are deleted. Whether 3 amino 
acids or 4 amino acids are deleted will depend upon the 
position within the helix of the first residue to be deleted. 
Determining the appropriate number of consecutive or non- 
consecutive amino acid residues that constitute one complete 
helical turn from any particular starting point within an 
amphipathic helix is well within the capabilities of those of 

skill in the art. 

Due to the surmised importance of the basic cluster 
at the C-terminus of the core peptides of structure (I) in 
stabilizing the helix and the importance of the hydrophobic 
cluster in effecting lipid binding and LCAT activation, in 
preferred embodiments of the invention, residues comprising 
the basic and hydrophobic clusters are not deleted. Thus, in 
preferred embodiments, residues 19, 20 and 22 (basic cluster) 
and residues 3, 6, 9 and 10 (hydrophobic cluster) are not 
deleted. 

The core peptides of structure (I) can also be 
extended at one or both termini or internally with additional 
amino acid residues that do not substantially interfere with, 
and in some embodiments even enhance, the structural and/or 
functional properties of the peptides. Indeed, extended core 
peptides containing as many as 23, 25, 26, 29 or even more 
amino acid residues are considered to be within the scope of 
the present invention. Preferably, such extended peptides 
will substantially retain the net amphipathicity and other 
properties of the peptides of structure (I). Of course, it 
will be recognized that adding amino acids internally will 
rotate the plane of the hydrophobic -hydrophi lie interface at 
the point of the insertion in a manner similar to that 
described above for internal deletions. Thus, the 
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considerations discussed above in connection with internal 
deletions apply to internal additions, as well. 

In one embodiment, the core peptides are extended 
at the N- and/or C- terminus by least one helical turn. 
5 Preferably, such extensions will stabilize the helical 

secondary structure in the presence of lipids, such as the 
end-cap amino acids and segments previously described. 

In a particularly preferred embodiment, the core 
peptide of structure (I) is extended at the C- terminus by a 
10 single basic amino acid residue, preferably Lys (K) . 

Also included within the scope of the present 
invention are "blocked" forms of the ApoA-I agonist, i.e., 
forms of the ApoA-I agonists in which the N- and/or C- 
i terminus is blocked with a moiety capable of reacting with 

!l5 the N- terminal -NH 2 or C- terminal -C(0)OH. It has been 

discovered that removing the N- and/or C-terminal charges of 
the ApoA-I agonists of the invention containing 18 or fewer 
amino acid residues (by synthesizing N-acylated peptide 
amides/ester/hydrazides/alcohols and substitutions thereof) 
20 results in agonists which approach, and in some embodiments 

even exceed, the activity of the unblocked form of the 
agonist. In some embodiments containing 22 or more amino 
acids, blocking the N- or C- terminus results in ApoA-I 
agonists which exhibit lower activity than the unblocked 
25 forms. However, blocking both the N- and C-termini of ApoA-I 

agonists composed of 22 or more amino acids is expected to 
restore activity. Thus, in a preferred embodiment of the 
invention, either the N- and/or C-terminus (preferably both 
termini) of core peptides containing 18 or fewer amino acids 
30 are blocked, whereas the N- and C-termini of peptides 

containing 22 or more amino acids are either both blocked or 
both unblocked. Typical N- terminal blocking groups include 
RC(O)-, where R is -H, (C.-CJ alkyl, (C,-^) alkenyl , (C.-CJ 
alkynyl, (C 5 -C 20 ) aryl , (C 6 -C 26 ) alkaryl, 5-20 membered 
35 heteroaryl or 6-26 membered alkheteroairyl . Preferred N- 

terminal blocking groups include acetyl, formyl and dansyl . 
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Typical C-terminal blocking groups include -C(0)NRR and 
-C(0)OR, where each R is independently defined as above. 
Preferred C-terminal blocking groups include those where each 
R is independently methyl. While not intending to be bound 
by any particular theory, it is believed that such terminal 
blocking groups stabilize the a-helix in the presence of 
lipids (see, e^cu, Venkatachelapathi et al . , 1993, PROTEINS: 
Structure, Function and Genetics 15:349-359). 

The native structure of ApoA-I contains eight 
helical units that are thought to act in concert to bind 
lipids (Nakagawa et al . , 1985, J. Am. Chem. Soc . 107:7087- 
7092; Anantharamaiah et al . , 1985, J. Biol. Chem. 260:10248- 
10262; Vanloo et al . , 1991, J. Lipid Res. 32:1253-1264; 
Mendez et al . , 1994, J. Clin. Invest. 94:1698-1705; Palgunari 
et al., 1996, Arterioscler . Thromb. Vase. Biol. 16:328-338; 
Demoor et al . , 1996, Eur. J. Biochem. 239:74-84). Thus, also 
included in the present invention are ApoA-I agonists 
comprised of dimers, trimers, tetramers and even higher order 
polymers ( "multimers" ) of the core peptides described herein. 
Such multimers may be in the form of tandem repeats, branched 
networks or combinations thereof. The core peptides may be 
directly attached to one another or separated by one or more 
linkers . 

The core peptides that comprise the multimers may 
be the peptides of structure (I) , analogues of structure (I) , 
mutated forms of structure (I) , truncated or internally 
deleted forms .of structure (I), extended forms of structure 
(I) and/or combinations thereof. The core peptides can be 
connected in a head-to-tail fashion (i.e., N-terminus to C- 
terminus), a head-to-head fashion, (i.e., N-terminus to N- 
terminus) , a tail-to-tail fashion (i.e., C-terminus to C- 
terminus) , or combinations thereof. 

In one embodiment of the invention, the multimers 
are tandem repeats of two, three, four and up to about ten 
core peptides. Preferably, the multimers are tandem repeats 
of from 2 to 8 core peptides. Thus, in one embodiment, the 
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ApoA-I agonists of the invention comprise multimers having 
the following structural formula: 

(II) HH -[ LL m - HH ]- n LL m - HH 

wherein : 

each m is independently an integer from 0 to 1, 

preferably 1; 

n is an integer from 0 to 10, preferably 0 to 8 ; 

each "HH" independently represents a core peptide 
or peptide analogue of structure (I) or a mutated, truncated, 
internally deleted or extended form thereof as described 
herein; 

each "LL" independently represents a linker; and 
each " - " independently designates a covalent 

linkage . 

In structure (II), the linker LL can be any 
bifunctional molecule capable of covalently linking two 
peptides to one another. Thus, suitable linkers are 
bifunctional molecules in which the functional groups are 
capable of being covalently attached to the N- and/or C- 
terminus of a peptide. Functional groups suitable for 
attachment to the N- or C-terminus of peptides are well known 
in the art, as are suitable chemistries for effecting such 
covalent bond formation. 

The linker may be flexible, rigid or semi-rigid, 
depending on the desired properties of the multimer. 
Suitable linkers include, for example, amino acid residues 
such as Pro or Gly or peptide segments containing from about 
2 to about 5, 10, 15 or 20 or even more amino acids, 
bifunctional organic compounds such as H 2 N ( CH 2 ) n COOH where n 
is an integer from 1 to 12, and the like. Examples of such 
linkers, as well as methods of making such linkers and 
peptides incorporating such linkers are well-known in the art 
(see, e.g. , Hiinig et al . , 1974, Chem. Ber. 100:3039-3044; 
Basak et al . , 1994, Bioconjug. Chem. 5 (4 ): 301-305) . 
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in a preferred embodiment of the invention, the 
tandem repeats are internally punctuated by a single proline 
residue. To this end, in those instances where the core 
peptides are terminated at their N- or C-terminus with 
proline, such as, e.g., where X, in structure (I) is Pro (P) 
or D-Pro (p) , m in structure (II) is preferably 0. In those 
instances where the core peptides do not contain an N- or C- 
terminal proline, LL is preferably Pro (P) or D-Pro (p, and m 

is preferably 1. _ 

in certain embodiments of the invention, it may be 
desirable to employ cleavable linkers that permit the release 
of one or more helical segments (HH) under certain 
conditions. Suitable cleavable linkers include peptides 
having amino acid sequences that are recognized by proteases, 
oligonucleotides that are cleaved by endonucleases and 
organic compounds that can be cleaved via chemical means 
such as under acidic, basic or other conditions. Preferably, 
the cleavage conditions will be relatively mild so as not to 
denature or otherwise degrade the helical segments and/or 
non-cleaved linkers composing the multimeric ApoA-I agonists. 

Peptide and oligonucleotide linkers that can be 
selectively cleaved, as well as means for cleaving the 
linkers are well known and will be readily apparent to those 
of skill in the art. Suitable organic compound linkers that 
can be selectively cleaved will be apparent to those of skill 
in the art, and include those described, for example, in WO 
94/08051, as well as the references cited therein. 

in a preferred embodiment, the linkers employed are 
peptides that are substrates for endogenous circulatory 
enzymes, thereby permitting the multimeric ApoA-I agonists to 
be selectively cleaved in vivo. Endogenous enzymes suitable 
for cleaving the linkers include, for example, 
proapolipoprotein A- I propeptidase . Appropriate enzymes, as 
well as peptide segments that act as substrates for such 
enzymes, are well-known in the art (see, e.g., Edelstein et 
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al., 1983, J. Biol. Chem. 258:11430-11433; Zanis, 1983, Proc . 
Natl. Acad. Sci. USA 80:2574-2578). 

As discussed above, a key feature of the core 
peptides of the invention is their ability to form 
intermodular hydrogen-bonds or salt bridges when arranged 
in an antiparallel fashion. Thus, in a preferred embodiment 
of the invention, linkers of sufficient length and 
flexibility are used so as to permit the helical segments 
(HH) of structure (II) to align in an antiparallel fashion 
and form intermodular hydrogen -bonds or salt bridges in the 

presence of lipids. 

Linkers of sufficient length and flexibility 

include, but are not limited to, Pro (P) , Gly (G) , Cys-Cys, 
3 H 2 N- (CH 2 ) n -C (O) OH where n is 1 to 12, preferably 4 to 6 ; H 2 N- 

i.5 aryl-C(0)OH and carbohydrates. 

n Alternatively, as the native apolipoproteins permit 

" cooperative binding between antiparallel helical segments, 

1 peptide linkers which correspond in primary sequence to the 

3 peptide segments connecting adjacent helices of the native 

apolipoproteins, including, for example, ApoA-I, ApoA-II, 
ApoA-IV, ApoC-I, ApoC-II, ApoC-III, ApoD, ApoE and ApoJ can 
be conveniently used to link the core peptides. These 
sequences are well known in the art (see, e^., Rosseneu et 
al., "Analysis of the Primary and of the Secondary Structure 
of the Apolipoproteins," In: Structure and Function of 
Lipoproteins, Ch. 6, 159-183, CRC Press, Inc., 1992). 

Other linkers which permit the formation of 
intermodular hydrogen bonds or salt bridges between tandem 
repeats of antiparallel helical segments include peptide 
reverse turns such as 0-turns and -y-turns, as well as organic 
molecules that mimic the structures of peptide 0-turns and/or 
T -turns. Generally, reverse turns are segments of peptide 
that reverse the direction of the polypeptide chain so as to 
allow a single polypeptide chain to adopt regions of 
35 antiparallel /3-sheet or antiparallel a-helical structure. 0- 
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turns generally are composed of four amino acid residues and 
T -turns are generally composed of three amino acid residues. 

The conformations and sequences of many peptide 
0- turns have been well-described in the art and include, by 
way of example and not limitation, type- I, type-I', type-II, 
type-II', type-Ill, type-Ill', type -IV, type-V, type-V , 
type-VIa, type-VIb, type-VII and type -VI I I (see, Richardson, 
1981, Adv. Protein Chem. 34:167-339; Rose et al . , 1985, Adv. 
Protein Chem. 37:1-109; Wilmot et al . , 1988, J. Mol . Biol. 
203:221-232; Sibanda et al . , 1989, J- Mol. Biol. 206:759-777; 
Tramontane et al . , 1989, Proteins: Struct. Funct . Genet. 
6 :382-394) . 

The specific conformations of short peptide turns 
such as 0-turns depend primarily on the positions of certain 
g.5 amino acid residues in the turn (usually Gly, Asn or Pro) . 

1 Generally, the type-I 0-turn is compatible with any amino 

] acid residue at positions 1 through 4 of the turn, except 

f that Pro cannot occur at position 3. Gly predominates at 

3 position 4 and Pro predominates at position 2 of both type-I 

and type-II turns. Asp, Asn, Ser and Cys residues frequently 
occur at position 1, where their side chains often hydrogen- 
bond to the NH of residue 3 . 

In type-II turns, Gly and Asn occur most frequently 
at position 3, as they adopt the required backbone angles 
most easily. Ideally, type-I' turns have Gly at positions 2 
and 3, and type-II' turns have Gly at position 2. Type-Ill 
turns generally can have most amino acid residues, but type- 
Ill' turns usually require Gly at positions 2 and 3. Type- 
VIa and VIb turns generally have a cis peptide bond and Pro 
as an internal residue. For a review of the different types 
and sequences of 0-turns in proteins and peptides the reader 
is referred to Wilmot et al . , 1988, J. Mol. Biol. 203:221- 
232 . 

The conformation and sequences of many peptide y- 
turns have also been well -described in the art (see, e_^. 
Rose et al., 1985, Adv. Protein Chem. 37:1-109; Wilmer-White 
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et al , 1987, Trends Biochem. Sci. 12:189-192; Wilmot et al . , 
1988, J. Mol. Biol. 203:221-232; Sibanda et al . . 198 9, J . 
Mol Biol. 206:759-777; Tramontane et al . , 1989, Proteins: 
Struct. Funct. Genet. 6:382-394). All of these types of fi- 
turns and T -turn structures and their corresponding 
sequences, as well as later discovered peptide 0-turns and y- 
turn structures and sequences, are specifically contemplated 

by the invention. 

Alternatively, the linker (LL) may comprise an 
organic molecule or moiety that mimics the structure of a 
peptide 0-turn or y-turn. Such 0-turn and/or T -turn mimetic 
moieties, as well as methods for synthesizing peptxdes 
containing such moieties, are well known in the art and 
include, among others, those described in Gianms and Kolter, 

t T?nn ~\1 ■ 1244-1267 ; Kahn et al . , 

1993 Angew. Chem. Intl. Ed. Eng. iz.xz** 

1988, J. Molecular Recognition 1:75-79; and Kahn et al . , 
1987 Tetrahedron Lett. 28:1623-1626. 

in still another embodiment of the invention, the 
multimers are in the form of branched networks (iil, e-u, 
FIG 7 ) Such networks are conveniently obtained through the 
use 'of multifunction linking moieties that permit more than 
two helical units to be attached to a simple linking moiety. 
Thus, branched networks employ molecules having three, four 
or even more functional groups that are capable of covalently 
attaching to the N- and/or C-terminus of a peptide. Suitable 
linking moieties include, for example, amino acid residues 
having side chains bearing hydroxyl, sulfanyl, amino, 
carboxyl, amide and/or ester functionalities, such as, for 
example, Ser (S) , Thr (T) , Cys (C) , Tyr (Y) , Asn (N) Gin 
(Q), Lys (K), Arg (R) , Orn, Asp (D) and Glu (E) ; or other 
organic molecules containing such functional groups. 

The helical segments attached to a single linking 
moiety need not be attached via like termini. Indeed, in 
some embodiments the helical segments are attached to a 
single linking moiety so as to be arranged in an antiparallel 
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fas hion, ^ some of th. .Uces a, attached via their N- 

termini , others . ™::- e attached directly to 

The helic g ^ ^ iinking mQiety 

the linking moiety, or may be sp fit} as 

by wa y of one or more Afunctional linkers <LL> , 
previously described. seen that a 

Referring to FIGS. 7A and 7B, it can 

nelical -^-»" «^ ^/multifunctional linking 
illustrated as cylinders, a Qf lines 

moieties (or nodes) as crrcles (•) , "here J ^ ^ 

-v,^ rirrle indicates the oraer wj. 
emanating from the c role Unklng moiety . 

£UnCti ° na \rnulr oHols in t h e network generally 
d e P end on the total desired num.er ;£ 

• 1 1 i-vtiicallv be from about 1 to 2 . 

will typicany j-> desired helical 

• «-oH that for a given number of desireu 

appreciated that tor y linking moieties will 

segments, networks ~ ^ „ 7A and 7B. 

have fewer nodes. For examp 

a tertiary-order network (uu. • - has 
Afunctional linking order ne twork 

n etworks all nodes are for 

order, e^s^ necworitb h . na1 linking moieties. 

io Afunctional and tetraf unctional linKing 
example, trif unction uniform order 

^ course it is to be understood that even 

: f et::r; h e ^ ^ — T t * hree , 

tertiary ^^-^TTS^ Pieties. 

four or even more airrerent 



-59- 



. PATENT - 



Lil <e the linear maimers, the helical segments 

uprising ~ — — ^ ^ neSd ^ 

identical. ^ ^ Qrder branched network 

H7fIG 7C in FIG . 7C, helical segments 
is illustrated « «°- 7 invention , are illustrated as 

where the number 1 ^ groups) che 

indicates the order , ines connecting helical 

multifunctional linking «o«ty. as previously 

rrrmar- -n-repeats o £ core peptides, as 

-^^^ronemustrative embodiment, the branched 
networks of the invention are described b y the formula; 



(III) X-N ya -X (ya . 1) 4N yb -X (yb . 1) )p 
wherein: 



each X is independently HH4LL.-HH^LL.-*H .- 
each HH is independently a core peptrde o£ 

her6in: each LL is independently a afunctional linker, 
each m is independently an integer from 0 to 1 
,-ach n is independently an integer from 0 to 8 
» and *, are each independently a 
linking moi : cy where y. and y b represent t—, o£ 
£u nctional e groups on -^J^ Integer from 3 to 

VI Z^n: Teslgn^s a client bond. 
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In a preferred embodiment, the branched network 
comprises a "Lys-tree, » i^. a network wherein the 
multifunctional linking moiety is one or more Lys (K) 
residues (see, e.g. , FIG. 7D) . 

In one illustrative embodiment, the "Lys tree- 
branched networks of the invention are described by the 
formulae : v 




-OR- 




(IV) 



(V) 



10 



15 



wherein : 

each X is independently HH4L.L ra -HH^- n LL m -HH ; 

each HH is independently a core peptide or peptide 
analogue of structure (I) or a mutated, truncated, internally 
deleted or extended form thereof as described herein; 

each LL is independently a bifunctional linker; 

each n is independently an integer from 0 to 8; 

each m is independently an integer from 0 to 1; 

R x is -OR or -NRR; and 

each R is independently -H, (C,-^) alkyl, (C^C,) 
alkenyl, ( Cl -C«) alkynyl; (C s -C 20 ) aryl (C 6 -C 26 ) alkaryl, 5-20 
membered heteroaryl or 6-26 membered alkheteroaryl . 
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5 ! i r T,T.y gTS OF ^^^^ *™ FUNCTION 
The" structure and function of the core peptides or 
peptide analogues of the invention, as well as ApoA-I 
agonists composed of such core peptides, including the 
mu ltimeric forms described above, can be assayed xn order to 
Llect active agonists or mimetics of *poA-I. For example, 
the core peptides or peptide analogues can be assay 
their ability to form ^-helices in the presence * ^° 
bind lipids, to form complexes with lipids, to activate LCAT , 
to promote cholesterol efflux, etc. 

Methods and assays for analyzing the structure 
and/or function of the peptides are well-known in the art. 
Preferred methods are provided in the working examples, 
infra. For example, the circular dichroism (CD) and nuclear 
"tic resonance (NMR) assays described in S ™J; 
infra can be used to analyze the structure of the peptides 
intra ' C the degree of helicity 

or peptide analogues particularly the aegre 

in the presence of lipid,. The ability to bind lipids can be 
determined using the fluorescence spectroscopy ""V 
described in Section 7. Inla- The ability of th pep ^des 
and/or peptide analogues to activate LCAT can be readily 
d^Lined using the LCAT activation -scribed in Section a 
i^. The in^itx, and ia^ assays describe d Section 
TTo and 11, infra, can be used to evaluate the half-life, 
distribution, cholesterol efflux and effects on RCT. 

Generally, core peptides and/or peptide analogues 
according to the invention which exhibit the properties 
listed in TABLE IV. infra, are considered to be active. 
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TABLE IV 
PROPERTIES OF ACTIVE PEPTIDES 



PROPERTY 

% Helicity in the Presence of 
lipids (Ri=30) (unblocked 22- 
amino acid residue peptides) 
% Helicity in the presence of 
lipids (Ri=30) (unblocked 18- 
amino acid residue peptides) 

s- Helicitv in the presence of 
liSids (Ri=30) (blocked 18-ammo 
acid residue peptides and shorter 

peptides) 

Lipid Binding (in the presence of 
SUVs) 



RANGE 



a 40% 



s 60% 



0.5 - 10/xM 
peptide 
R-l-50 

38% 



PREFERRED 
RANGE 

a 80% 



s 60% 



s 80% 



80% 



L.CA T activation 

Ri is lipid: peptide molar ratio, 

As illustrated in the working examples, infiia, core 
peptides which exhibit a hig> degree ; in 

the presence v unblocked peptides 

(> 60% helical structure m the case ot uno * 

=m-i™ acid residues and blocked 
containing 22 or more ammo acid resi 

peptides containing 18 or fewer amino acid residues, 

<„ t-ho case of unblocked peptides 
helical structure in the case or peptides which 

containing 18 or fewer amino acids, , and ^ose pept 
exhibit little or no LCAT activation F°«"££ ^ 
structure. However, in certain instances, peptides wnic 
exhibit significant helical structure in the presence of 
lipids do not effect significant LCAT 

Similarly, while core peptides that exhibit 
significant LCAT activation typically bind ^ Z If fee 
instance, peptides which exhibit lipid binding do not 
significant LCAT activation. 
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As a consequence, it will be recognized by those of 
skill in the art that while the ability of the core peptides 
described herein to form cv-helices (in the presence of 
lipids) and to bind lipids is critical for activity, in many 
5 instances these properties may not be sufficient. Thus, in a 

preferred embodiment core peptides of the invention are 
subjected to a series of screens to select for core peptides 
exhibiting significant pharmacological activity. 

In a first step, a core peptide is screened for its 

10 ability to form an <*-helix in the presence of lipids using 

the CD assay described in Section 7, infra. Those peptides 
which are at least 40% helical (unblocked peptides containing 
18 or fewer amino acids) or 60% helical (blocked peptides 
containing 18 or fewer amino acids; unblocked peptides 

15 containing 22 or more amino acids) in the presence of lipids 

(at a cone, of about 5 /zM and a lipid : peptide molar ratio of 
about 30) are then screened for their ability to bind lipids 
using the fluorescence assay described in Section 7, infra . 
Of course, only those core peptides which contain a 

20 fluorescent Trp (W) or Nal residue are screened for lipid 

binding via fluorescence. However, for peptides which do not 
contain fluorescent residues, binding to lipids is obvious 
when helicity increases in the presence of lipids. 

Core peptides which exhibit lipid binding in the 

25 presence of SUVs (0.5-10 //M peptide; lipid : peptide molar 

ratio in the range of 1 to 50) are then screened for 
pharmacological activity. Of course, the pharmacological 
activity screened for will depend upon the desired use of the 
ApoA-I agonists. In a preferred embodiment, the core 

30 peptides are screened for their ability to activate LCAT, as 

peptides which activate LCAT are particularly useful in the 
methods described herein. Core peptides which exhibit at 
least about 3 8% LCAT activation as compared with native human 
ApoA-I (as determined using the LCAT activation assay 

35 described in Section 8, infra ) , are preferred, with core 
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c no fin > 70% 80% or even 90% or more 
peptides exhibiting 50*, 60*, 70., 

being particularly preferred. 

5 -L 2 pppfbrrED ™moniMENTS 
The ApoA-i agonists o£ the invention can be further 

are 22 amino acid reside ^^t^^ or 
(I), or the N-terminal acylated and/or C termm 

esterified forms thereof. 

- in another preferred embodiment, the ApoA-I 

a ^ H residue peptides according to 
agonists are 22 amino acid residue p P c _ terminal 
structure (I), or the N-terminal acylated and/or 
amidated or esterified forms thereof, m which: 



X x is Pro (P) , 
X 2 is Ala (A) , 
X 5 is Leu (L) ; 
X 6 is Phe (F) ; 
X 1X is Glu (E) 
X 19 is Lys (K) 
X 20 is Lys (K) 
X 22 is Lys (K) 



Gly (G) , Ala (A) , Asn (N) or D-Pro (p) ; 
Val (V) or Leu (L) ; 



and/or 

and each of X 3 , 



X 7/ X 8 , X 9/ X 10 , X 12 , 



x 13 , 



30 



<5 



1 

\0' 



35 



Xl „ X». *„. X„, X 1S and X„ are as previously defined for 
structure ; pre£erre(J ^ agoni sts accordi^ to 

th is aspect of the invention are those in whrch X, x. Val (V, 
and/or X„ is p ^ JlWto , the Apo*-! 

' — ■" T^-iH rpsidue peptides according to 

= „ OT .ic,- s are 22 amino acid residue pcf 

agonists are * , ,.,. p(3 and/or C-terminal 

structure (I) , or the N- terminal acylated and/o 

„ ^d or esterified forms thereof, in which one of X 10 , X 13 
amidated or ester irie Qther 
^ y is Glv (G) and the others of X 10 , X 13 ana a 14 
Than" G ^ t G L« h en X„ is Oly «0, . X 7 is preferably Glu (8) . 
than Gly .< ^ pre£erred hpaR . z ag onists according t 

"this aspect of the invention are peptides selected from the 

group consisting of: 




10 



;15 



= 20 



25 



30 
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peptide 148 
peptide 151 
peptide 154 
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PVLELFENLLERLGDALQKKLK (SEQ ID NO: 148) 
PVLELFENLGERLLDALQKKLK (SEQ ID NO: 151) 
pepLiUC A _ pvLELFENLLERGLDALQKKLK (SEQ ID NO: 154) 

and the N-terminal acylated and/or C-terminal amidated 

or esterified forms thereof. 

Embodiments containing internal glycine residues 
can be readily synthesized in high yield by way of segment 
condensation, thereby providing significant advantages for 
large-scale production. Segment condensation, i^u, the 
joining together of small constituent peptide chains to form 
a larger peptide chain, has been used to prepare many 
biologically active peptides, including 44-amino acid residue 
mimics of A P oA-I (see, e^u, Nakagawa et al . , 1985, J. Am 
Chem Soc. 107:7087-7083; Nokihara et al., 1989, Peptides 
1988-166-168; Kneib-Cordonnier et al . , 1990, Int. J. Pept . 
Protein Res. 35:527-538), and is considered to be the most 
cost-effective method for high-yield bulk synthesis of the 
core peptides of the invention. 

Advantages of synthesis via segment condensation 
include the ability to condense pre-formed segments in the 
solution phase and the ease of purification of the final 
product. Drawbacks of the method include low coupling 
efficiency and yield at the condensation step and low 
solubility of certain peptide sequences. 

The coupling efficiency of the condensation step 
can be significantly increased by increasing the coupling 
time Typically, increasing the coupling time results in 
increased racemezation of the product (Sieber et al . , 1970 
Helv Chim. Acta 53:2135-2150). However, since glycine lacks 
a chiral center it does not undergo racemezation (proline 
residues, due to steric hindrance, also undergo little or no 
racemezation at long coupling times). Thus, embodiments 
containing internal glycine residues can be synthesized in 
bulk in high yield via segment condensation by synthesizing 
constituent segments which take advantage of the fact that 
glycine residues do not undergo racemezation. Thus, 
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embodiments containing internal glycine residues provide 
significant synthetic advantages for large-scale bulk 
preparation. 

In still another preferred embodiment, the ApoA-I 
agonists are 22 -amino acid residue peptides according to 
structure (I), or the N-terminal acylated and/or C-terminal 
amidated or esterified forms thereof, in which each of X 10 , X„ 

and X 14 is other than Gly (G) . 

in still another preferred embodiment, the ApoA-I 
agonists are altered or mutated forms of the peptides 
according to structure (I), or the N-terminal acylated and/or 
C- terminal amidated or esterified forms thereof, in which: 

X 4 is other than Asp (D) ; 

X 5 is other than Phe (F) ; 

X 6 is other than Trp (W) ; 

X 7 is other than Leu (L) or Asp (D) ; 

X 9 is other than Gly (G) or Trp (W) ; 

X 12 is other than Lys (K) ; 

X 13 is other than Trp (W) ; 

X 14 is other than Trp (W) ; 

X 1S is other than Glu (E) ; 

X 16 is other than Trp (W) or Leu (L) ; and/or 
X 17 is other than Trp (W) . 

In still another preferred embodiment, the ApoA-I 

; agonists are 22 amino acid residue peptides according to 
structure (I), or the N-terminal acylated and/or C-terminal 
amidated or esterified forms thereof, in which when X 7 is Leu 
(L) , X 10 is Trp (W) , X, is other than Gly (G) and/or X 14 is 
other than Gly (G) - A particularly preferred peptide 
according to this aspect of the invention is peptide 155 
(PVLELFLNLWERLLDALQKKLK; SEQ ID NO: 155). 
j> In another preferred embodiment, the ApoA-I 

agonists are 22-amino acid-residue peptides, or the N- 
\ terminal acylated and/or C-terminal amidated or esterified 
forms thereof, in which at least one of X 19 , X 20 or X 22 is other 
than Orn. More preferably, at least two of X 19 , X 20 and X 22 are 
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Most preferably, each of X 19 , 



and X 22 is 



other than Orn 

other than Orn. at 
in still another preferred embodiment, the ApoA-I 

agonists are selected from the group of peptides set forth 

below : 

pVLELFENLLERLLDALQKKLK 
GVLELFENLLERLLDALQKKLK 
PVLELFENLLERLLDALQKKLK 
PVLELFENLLERLFDALQKKLK 
PVLELFENLLERLGDALQKKLK 
PVLELFENLWERLLDALQKKLK 
PLLELFENLLERLLDALQKKLK 
PVLELFENLGERLLDALQKKLK 
PVFELFENLLERLLDALQKKLK 
AVLELFENLLERLLDALQKKLK 
PVLELFENLLERGLDALQKKLK 
P VLE L F LNLWERLLD ALQ KKL K 
PVLELFEQLLERLLDALQKKLK 
PVLELFENLLERLLDALNKKLK 
PVLELFENLLDRLLDALQKKLK 
^ liuc DVLELFENLLERLLDALQKKLK 

and'the N-terminal acylated and/or N-terminal amidated 

or esterified forms thereof. 

in still another preferred embodiment, the ApoA-I 
agonists are selected from the group of peptides set forth 
below : 

pVLELFENLLERLLDALQKKLK 
GVLELFENLLERLLDALQKKLK 
PVLELFENLLERLLDALQKKLK 
PVLELFENLLERLFDALQKKLK 
PVLELFENLLERLGDALQKKLK 
PVLELFENLWERLLDALQKKLK 
PLLELFENLLERLLDALQKKLK 
PVLELFENLGERLLDALQKKLK 
PVFELFENLLERLLDALQKKLK 
AVLELFENLLERLLDALQKKLK 



peptide 144: 
peptide 145 
peptide 146 
peptide 147 
peptide 148 
peptide 149 
peptide 150 
peptide 151 
peptide 152 
peptide 153 
peptide 154 
peptide 155 
peptide 186 
peptide 187 
peptide 188 
peptide 189 



(SEQ ID NO: 144) 
(SEQ ID NO: 145) 
(SEQ ID NO: 146) 
(SEQ ID NO: 147) 
(SEQ ID NO:148) 
(SEQ ID NO:149) 
(SEQ ID NO: 150) 
(SEQ ID NO: 151) 
(SEQ ID NO: 152) 
(SEQ ID NO: 153) 
(SEQ ID NO: 154) 
(SEQ ID NO:155) 
(SEQ ID NO:186) 
(SEQ ID NO:187) 
(SEQ ID NO: 188) 
(SEQ ID NO:189) 



peptide 144 
peptide 145 
peptide 146 
peptide 147 
peptide 148 
peptide 149 
peptide 150 
peptide 151 
peptide 152 
peptide 153 



(SEQ ID NO: 144) 
(SEQ ID NO: 14 5) 
(SEQ ID NO: 14 6) 
(SEQ ID NO: 147) 
(SEQ ID NO: 14 8) 
(SEQ ID NO: 14 9) 
(SEQ ID NO:150) 
(SEQ ID NO: 151) 
(SEQ ID NO:152) 
(SEQ ID NO:l53) 
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peptide 154: PVLELFENLLERGLDALQKKLK (SEQ ID NO: 154); 
peptide 155: PVLELFLNLWERLLDALQKKLK (SEQ ID NO: 155); 
and the N-terminal acylated and/or C-terminal amidated 
or esterified forms thereof. 

^- m yet another preferred embodiment, the ApoA-I 

agonists are multimeric forms according to structures II, III 
and/or IV in which each HH is independently a peptide 
according to structure (I) or an N-terminal acylated and/or 
C-terminal amidated or esterified form thereof, or any of the 
preferred peptides according to structure (I) described 
herein . 

In yet another preferred embodiment, the core 
peptides that compose the ApoA-I agonists are not any of the 



peptide 75: 
peptide 94: 
peptide 109 
peptide 237 
peptide 238 
peptide 241 
peptide 242 
peptide 243 
peptide 244 

peptide 245 

peptide 246 

peptide 247 

peptide 248 

peptide 249 

peptide 250 

peptide 251 

In a final preferred embodiment, the ApoA-I 
agonists are not any of the peptides listed in TABLE X 
(Section 8.3, infra ) which exhibit an LCAT activation 
activity of less than 38% as compared with native human 
ApoA- I . 



PVLDEFREKLNEELEALKQKLK 


(SEQ 


ID 


NO: 


75) ; 


PVLDEFREKLNEALEALKQKLK 


(SEQ 


ID 


NO: 


94) ; 


PVLDEFREKLNERLEALKQKLK 


(SEQ 


ID 


NO: 


109) ; 


LDDLLQKWAEAFNQLLKK 


(SEQ 


ID 


NO: 


237) ; 


EWLKAFYEKVLEKLKELF * 


(SEQ 


ID 


NO : 


238) ; 


DWFKAFYDKVFEKFKEFF 


(SEQ 


ID 


NO: 


241) ; 


G I KKFLGS I WKF I KAFVG 


(SEQ 


ID 


NO: 


242) ; 


DWFKAFYDKVAEKFKEAF 


(SEQ 


ID 


NO: 


243) ; 


DWLKAFYDKVAEKLKEAF 


(SEQ 


ID 


NO 


244) ; 


DWLKAFYDKVFEKFKEFF 


(SEQ 


ID 


NO 


:245) ; 


EWLEAFYKKVLEKLKELF 


(SEQ 


ID 


NO 


:246) ; 


DWFKAFYDKFFEKFKEFF f 


(SEQ 


ID 


NO 


:247) ; 


EWLKAFYEKVLEKLKELF 


(SEQ 


ID 


NO 


:248) ; 


EWLKAEYEKVEEKLKELF* 


(SEQ 


ID 


NO 


:24 9) ; 


EWLKAEYEKVLEKLKELF* 


(SEQ 


ID 


NO 


:250) ; 


EWLKAFYKKVLEKLKELF* 


(SEQ 


ID 


NO 


:251) . 



and 
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5 2 SYNTHESIS AND PURIFICATION OF 
THE APOA-T PFIPTIDF AGONISTS 

The core peptides of the invention may be prepared 
using virtually any art-known technique for the preparation 
of peptides. For example, the peptides may be prepared using 
conventional step-wise solution or solid phase pept.de 
syntheses, or recombinant DNA techniques. 

5.2.1 CTTEMICAL SYNTHESIS 

Core peptides may be prepared using conventional 
step-wise solution or solid phase synthesis (see, e.g., 
Chemical Approaches to the Synthesis of Peptides and 
Proteins, Williams et al . , Eds., 1997, CRC Press, Boca Raton 
Florida, and references cited therein; Solid Phase Peptide 
Synthesis: A Practical Approach, Atherton & Sheppard, Eds., 
1989, IRL Press, Oxford, England, and references cited 

therein) . . , 

Alternatively, the peptides of the invention may be 

prepared by way of segment condensation, as described, for 

example, in Liu et al . , 1996, Tetrahedron Lett. 37(7) :933- 

936; Baca, et al . , 1995, J • Am. Chem. Soc . 117:1881-1887; Tarn 

et al 1995, Int. J. Peptide Protein Res. 45:209-216; 

Schnolzer and Kent, 1992, Science 256:221-225; Liu and Tarn 

1994 J Am. Chem. Soc. 116 (10) : 4149-4153 ; Liu and Tarn, 1994, 

Proc' Natl. Acad. Sci. USA 91:6584-6588; Yamashiro and Li , 

1988 int. J. Peptide Protein Res. 31:322-334). Segment 

condensation is a particularly useful method for synthesizing 

embodiments containing internal glycine residues. Other 

methods useful for synthesizing the peptides of the invention 

are described in Nakagawa et al . , 1985, J. Am. Chem. Soc. 

107:7087-7092. , 

ApoA-I agonists containing N- and/or C- terminal 
blocking groups can be prepared using standard techniques of 
organic chemistry. For example, methods for acylating the N- 
terminus of a peptide or amidating or esterifying the C- 
terminus of a peptide are well-known in the art. Modes of 
carrying other modifications at the N- and/or C-terminus will 
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10 



-15 



u20 



25 



be apparent to those of skill * the art - 

protecting any side-chain functxonalxtxes may 

to attach terminal blocking groups. 

Pharmaceutical^ acceptable salts (counter ions) 

can be conveniently prepared by ion-exchange chromatography 

or other methods as are well known in the art. 

compounds o£ the invention which are m the form 
tandem multimers can be conveniently synthesized by adding 
the linker (s) to the peptide chain at the appropriate step in 
Z synthesis. Alternatively, the helical segments can be 
synthesized and each segment reacted with the linker. Of 
course the actual method of synthesis will depend on the 
course, tn Suita ble protecting schemes and 

composition of the linker, suiu t- 

chemistries are well known, and will be apparent to those 

Skl11 " impounds of the invention which are in the form of 
bra nched networks can be conveniently ^^^^ 
trimeric and tetrameric resins and chemxstrxes descrxbed 
trxmerxc an Sci . USA 85:5409-5413 and Demoor 

Tarn 1988, Proc . Natl. Acac, . £>«-j- 

„ ■ v,„™ -74-84 Modifyxng the 

et al., 1996, Eur. J. Bxochem. 239.74 84 . y a 

synthetic resins and strategies to synthesize branched 
networks of higher or lower order, or which contaxn 
cognations of different core peptide helical segment. ; xs 
W ell within the capabilities of those of skxll xn the art 
peptide chemistry and/or organic chemistry. 

Formation of disulfide linkages, if desxred, xs 
generally conducted in the presence of mild oxidizing agents. 
Chemica/oxidizxng agents may be used, or tb. .compounds may 
simply be exposed to atmospheric oxygen to effect these 
linkages Various methods are known in the art, xncludxng 

nose d scribed, for example, by Tarn et al . , 1979, Synthe S1 s 
9 55 957; Stewart et al . , 1984, Solid Phase Peptide Synthesxs, 
2d Ed , Pierce Chemical Company Rockford, IL; Ahmed et al., 
1975. J. Biol. Chem. 250:8477-8482; and Pennington et al^ 
1991 Peptides 1990 164-166, Giralt and Andreu, Eds . , ESCOM 
Leiden, The Netherlands. An additional alternatxve xs 
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described by KamHer at .1 . . "30, Halv. Chi.. Acta 63=899- 
915 . A method conducted on solid supports is described by^ 
Albericio. 1985. int. J. Peptide Protein Res. 26,92-97. Any 
^ these methods may be used to form disulfide linkages in 
the peptides of the invention. 

5 2 2 1?PfVTWRtM? OT SYNTHESIS 

If the peptide is composed entirely of gene-encoded 
amino acids, or a portion of it is so composed the peptide 
or the relevant portion may also be synthesized using 
conventional recombinant genetic engineering techniques. 

For recombinant production, a polynucleotide 
sequence encoding the peptide is inserted into an appropriate 
expression vehicle, i^,, a vector which contains the 
necessary elements for the transcription and t»-«» - 
the inserted coding sequence, or in the case of an RNA viral 
vector, the necessary elements for replication and 
Transition . The expression vehicle is then transfected into 
a suitable target cell which will express the peptide^ 
Depending on the expression system used, the jessed 
peptide is then isolated by procedures well-estab ished in 
the art Methods for recombinant protein and peptide 

. • »,-t- (=>ee e.o^, Sambrook et 

production are well known in the art (see., e^ 

II 1989, Molecular cloning A Laboratory Manual, Cold Spring 
Harbor Laboratory, N.V.,- and Ausubel et al . , 1989, Current 
Protocols in Molecular Biology, Greene Publishing 
and Wiley mterscience, N.Y. each of which is incorporated by 
reference herein in its entirety.) 

To increase efficiency of production, the 
polynucleotide can be designed to encode multiple "". of 
the peptide separated by enzymatic cleavage sites -- either 
homopolymers (repeating peptide units) or heteropolymers 
(different peptides strung together, can be engineered in 
this way. The resulting polypeptide can be cleaved (e^, by 
treatment with the appropriate enzyme, in order to recover 
the peptide units. This can increase the yield of peptides 
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Tn 3 nreferred embodiment, a 

ho.opoly.rs or et P ^ translation control 

operatively linked to a cap ma y fTRES } when 

an internal ribosome entry site IRES) . 



sequence; e^, ^ ext3re ssion systems, the translation 

construct directs the transcription of a sing «; ^ q£ 
poly cistronic ^ which in tur. rrec h ^ 

significantly increase yield of peptide driven by a single 



promoter. ^ ^ host . expresB ion vector systems may be 

utilized to express the peptides described herein. These 

, r but are not limited to, microorganisms such as 
ret: !: ransformed with recombinant bacteriophage « 

appropriate coding sequence, insect ce y , 
with recombinant virus expression vectors^ 
containing an appropriate coding sequence, plat* ce y 
infected with recombinant virus expression vectors (e^, 
cauliflower mosaic virus or tobacco mosaic virus) or 
tran ormed with recombinant plasmid ^.io^s 
Zu. « P^smid) containing an appropriate coding sequence, 

or animal cell systems. emress ion systems 

The expression elements of the expression y 
vary in their strength and specificities. Depending on the 

host/vector system utilized, any of a number of suitable 

transcription and translation eiements, 

constitutive and inducible promoters, may be used in the 
constituti sample, when cloning in bacterial 

expression vector. tor exctmpx , 
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X, 



=„^h as oL of bacteriophage X, 
systems, inducible proper, s ch as P ^ ^ ^ ^ My 

plac. ptrp, Ptac (ptrp-lac hybrid p prom oters such 

be used.- when cloning « insect eel .y ^ ^ 

as Che baculovirus polyhedron promote , 

the 

■« nlant cell systems, promoters aeriv 
clonxng xn plant eel y ^ ^ prQmoters; the 

g enome of plant cells ^ ^ promoter for 

promoter for the ™ n) or from plant v.ruses 

the chlorophyll a/b binding p ^ 

the 35S RNA promote r <* ^ ^ ±n mammalian cell 

systems, promoters den mamma lian viruses 

(1JU . metailothionein P««*«) or f ^ ^ R 

the adenovirus late promoter, the ^ 
promoter, may be used,- when g en« ^ « ^ ^ 

contain multiple copies of ^^.J^ approp r ia te 
and EBV-based vectors may be used 

selectable marker. „j„_ vectors are used, 

in cases where plant expression vecto 
■ ™ of sequences encoding the peptides of the 
the expression of seque ^ promoters . Fo r 

invention may be driven by any of ^ ^ 

example, viral promoters such as the 310!511 . 5l «, . 

promoters of CaMV « ^ (Ta ; amatsu et al . , 

or the coat protein Pro-ot«^ alternativ ely. plant 
EMBO J. 6:307-311) may be used al (CoruM i et 

25 promoters such as the smal 1 subu ni t of »B « ^ ^ 

al ., 19 84, EMBO J • 3,1611-1680, Brog bean hspl 7 . 5-E 

224,838-843) or heat >1TOk pro«ot.», ^ & 

or hspl7 .3-B can be introduced into 

T't^lil "using T i P asmids, Ki plasmids, plant virus 
plant cells usi g * ^ tLon , ^croinjection, 
vectors, direct DNA ^ ^ cechniques see . 

electroporation. etc plant 
..... weissbach * SecCion VIII, PP. 421- 

Molecular Biology « ; BiologY , 2 d 

35 463; and Grierson & Corey, 

Ed., Blackie, London, Ch. 7-9. 
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In one iM ect expression system that -V - « 
„f the invention. Autographs 
pr oduce the peptides o th _ ^ ^ ^ used as . 

californaca, nuclear po y grQwg in 

sector to express the foreign ^ ^ ^ 

Spodoptera ^J^f ^ for exarap le tne polyhedron gene, 
into non-essential reg , of an A cNPV promoter 

o£ th e virus an, P^^^, . successful insertion 
(for example, the ^f™*^ in inact ivation o£ the 
of a coding sequence wi „ on -occluded recombinant 

poly hedron gene ^elnaceous ~t — ~ 

virus (i.e.. virus lacking J t viruses are then 

by the polyhedron geneK Th ^ ln „ hic h the 

used to infect Spodopterafrug P ^ ^ _ _ ^ ^ 

inserted gene is expressed e g ^ ^ ^ 
Virol. 46:584,- Smith, U.S. ±n Current 

examples of this expression system may b ^ ^ 

Protocols in Molecular ^ ^^ encs . 
Greene Publish. Assoc. * "^ * number o£ vir al based 

In mammalian ho. cells^ ^ ^ ^ ^ 
expression systems may be u ^ ^ sequence 

adenovirus is used as an e p tran9cripC ion/translatlon 
may be ligated to an — ™ tripartit e 
control complex, e^g , t ^ then be inserted in 

leader sequence. Tins c ^ recombination, 

the adenovirus genome by - v: i ^ ^ 

Xnsertion in anon-essen g ^ ^ virus 

(e.g., region El or E3) ^ PXDress ing peptide in infected 
th at is viable and capable ^ Acad . 

h ° StS - ^ M -natively, the vaccinia 7.5 K 

Sd. (USA) "' 3655 -" 59> ee e g ., Macke tt et al., 1982, Proc 
promoter may be used^ ( J Mackett et a l . , 1984 J 

Natl. Acad. Sex. (USA) ' l982> Proc . Natl. Acad. 

49:857-864; Panicali et al., 



Virol 
Sci- 79:4927-4931) . 
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fems for producing the peptides 
Other expression systems £o P ^ in 

be apparent to t» 
of the invention will be PP 

the art . 

T he peptides o £ ^ r ^ phase chromatography 

;r rt r ul rpeptide i» ,^ clw 

Lrategy » faCt0rS ; d :iU - apparent to those hav.ng 

„hilicity. etc and pepCides can b e 

3kU1 in the ar. Hu"^ ^ ^ 

purified, e^, by 

— Tor y a«inity chromatography -^^used . 

anC ibody which -^ant^ .arils host anima- 
F or the production o£ antib ^ ratSi etc ., m, 

Lciuding hut not ». ted » ^ peptide . Th e peptide « 



including but not peptide. The p^— 

r e immunized by ^°l^ r *:J h a s BSA, by means of a 
attach ed to a - i " bl i e ;;;;;: r r ' link ers attached to a side 
si de chain functionai ^ adjuvanC3 may be used to 

mn lete), mineral gels such a luro nic polyols, 

incomplete; , lvs olecithm, P-^ 

activ e substances such as V keyhole ximpet 

poly anions, peptides o emu ly use£ul human 

hemocyanin, ^^"^ caimette-Ouerin, and 
adjuvants such as BCG 

C^yne.acteriu, P^^^ to a peptide may be prepared 

Monoclonal antibodie pro duction of 

using any technic which P^'J" ^Jm cuiture. 
^iLdy molecule* * con— ^ hybrid oma techno 

These include but are no 
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1Q75 Nature 

originally — — - 

256 .. 495 -497, or Kaprowskr, U.S. ^ B . cell hybri doma 

incorporated by reference ™^ logy Toda y 4,72, Cote 

technic, Kosboret al l» . 80 :2026 - 2 030> ; 

et al.. 1983, Proc . Natl- Aca ^ ^ ^ 

and the EBV-hybridoma «= tal ^J Therapy , Rla n R. W». 

Monoclonal Antibodres and Cane e developed £or the 

pp . 77 - 9S (19851 ). m addl "°": es „ Morrison et al., 1984. 
Eduction of "chimeric antrbod. es^^^ Neuberger e t 

Pr o=. Natl. Acad. Sci. ■ _ 1985 _ Nature 

198 4, Nature 31- ^^^V t , 816 ., 9 7, Cabilly, U.S. 
31 4-.452-454, Boss, U.S. Pate d by reference 

Patent No. 4. 81*. 567, whrcha » antibody molecule 

herein, by splicing the gene fro ^ ^ genes trom a 

of appropriate antigen ^ blol ogical activity 

human antibody molecule ' . ca „ be prepared (see 

can be used. Or ..human^ed antrb ^ lncorporated 

^. oueen, U.S. Paten t No^ ; ^ describe d 
by reference herern, _ mtU »«i.. , 0 . s . Patent 

£or the production of singl _ ^tide-speerfrc 

N o. 4,946,778) can be adapted 

single chain antibodies. conta in deletions of 

^tibody *»^ ntS be Wh ; e C n h eraCed by Known technics, 
specific binding sites .ay be gene ^ to 

For example, such .^^^ by pepsin digestion 
F.abM, fragments, whrch can , t , P _ ^ ^ fce 

o£ the antibody ^sutfide bridges of the FUb->, 

generated by reducing the arsulf ^ fce 

£ ragments. Alternately. Pa ^ ;1275 _ 1281 , to 
constructed (Huse et al.. ■ ^clonal Fab 

all ow rapid and ^ , rdentr ^ ^ ^ peptide o£ 

fragments with the desrred sp 

interest. .m-ibodv fragment specific for the 

The antibody or »«bo* to agaros e, and 

desired peptide can be ' in immu nochromatograph y 

the antibody-agarose complex « 
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See Scopes, 1984, 

C o purify = - a^Tna —ice, sprier- 

• purification: Princxy Methods In 

protein Purine Liv ingstone, 1974, o 4 . 72 3- 
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Th e RP oA-I agonist oft including 

treat any a^"^^ serum HDL concentration 
humans, for which i***"" 9 chol esterol efflux and » 
activating LCAT, and ^"^ lude , but are not limited to 
beneficial. Such =° ndl "° nS hyper cholesterolemia, and 
hyperlipemia, and ^ osis .include 

cardiovascular disease such a J , restenosis 
treatment and ^-"/"^atherosclerotic places which 
(aJU , preventing Medical procedures such as 

develop as a c^^', other disorders, such as 
balloon angioplasty! ; * in septi c shoe*, 

endotoxemia, which often r alone or in 

The APOA-I agonies can ^ ^ the 

■ fheracv with other drugs u 
combination therapy thera pies include, but 

£ oregcing conditions. *^ tlal administration of the 

llmi ted to simultaneous or seg 

drugs involved. treatment of 

F or example, in the " tbe RpoA -I agonist 

holesterolemia or atherosclerosis, o£ che 

t o- can be administered ^ > - ^, bile . 
h^esterol lowering ^» ~~ / uch a combined regimen 
acid resins, niacin, and/or st t ic effects since 

may produce P— £^ f ^et in cholesterol synthesis 
each drug acts on a ""^^ reslns a£ fect cholesterol 
and transport, £^ and LDL ^"tatins 
recycling, the cny . TnL population; tne 

primarily affects the VU*-* ^ ^ the LDL population 
Inhibit -lest ;; o ^thesis, , whereas 

(and perhaps increasing 
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ffprt rct increase HDL, increase LCAT 
ApoA-I agonists affect RCT, 

activity and promote cholesterol s may be 

X» another ^ ^ ^e * hyperlipidemia , 

use d in --- t i ^;:::;; r br c I r diovascular disease such as 
hypercholesterolemia ana/ or 

atherosclerosis. AtdoA-I agonists of 

tr eat septic Shoe, induced by can b e 

formulated as peptides or as pept ^ 

can b e administered to ^ ^^ n . Exem plary 

deliver the ApoA-1 agonist to the c below . 
formulations and treatment regimens are 

The""^ ^^^a^^n^^ect^o^S^S^and 
manufactured -^^^ ^"J. • - ~« 

— "e .^oPhlli^n, peptides --^ther. 
prepare bul* for "formulation, o to *JJ ^ by 

aUqu ots or - C ;; an appropriate sterile 

rehydration with sterile . to a subject. 

formulate and ^/^^J^"^ 

r i:r- shou T i h ; h aran — - - ar 3ize 

circulation, particularly when the <^«_£ Qr HDL 

populations. The P ept desc ribed below, 

prepared by any of a number ^ ^ by 

stable ^^^^l^ion procedure described 

rrrnrrh/prlLrred approach. T he lyophili-d peptide- 
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lip id co^e- can be used to ^dividual 
^aceutical p rostituted by 

complexes. To this eiiu, 

^-r nroteoliposomes may be usea. 

peptide -X ipi d —;;; ca o Jed a decent d^ysis 

e 'i: d e "it ~ * «- iipia and deter T 

II dl ivt^- ™ the deter.ent and « for- 

rr see Jonas et al . , 1986, 
peptide-lipid complexes (e^u, see 

Methods in Enzymol - 128:553-582). feasib i e , each 

While the foregoing approaches are fea 

. ■ _ nmduction problems m terms 
method presents it. own peculiar P appl lca„t S 

<= „„„ vield re P roducibility and safety. Tne app 

■ •-. ^n mi This method can be used to prepare u 
similar to HDL. This fol iowing advantages: 

I peptide- lipid complexes, and has the 
(1 ) Most or all of the included ingredients are used 
the designed complexes, thus avoiding waste of start ing 
serial which is common to the ^~^d.^ ^ during 
Lyophilized compounds are formed which are * 

The resulting complexes may be reconstituted 
storage. The result g regulting complexes usually 

immediately before use. (3) The r 

^ ^ he further purified after formation and betore 
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scaled up and is suitable for GMP manufacture (i^L,, in an 
endotoxin- free environment) . 

in accordance with the preferred method, the 
t-ide and lipid are combined in a solvent system wh.ch co- 
peptxde and ^ and can be comp letely removed by 

solubx Uzes each solvent pairs must be carefully 

iyophilxzatxon. To thx en , amphi pathic 
selected to ensure co-solubility ot 

pl^e and the lipid. In on. embodiment, the proton s, or 
peptide <s, to be incorporated into the parties can be 
^solved in an aqueous or organic solvent or mixture of 
solvents (solvent 1) . The (phospho) lipid component is 
"ssolved in an aqueous or organic solvent or mixture of 
Events .solvent « which is ^ ^and 

— • t^of 

r of the miscible solvents. A suitable proportion of 
I £Z -Protein, to lipids is first determined empirically 
L^hat the resulting Comdexes possess ^ 

nhvsical and chemical properties; i^, usually 

physical an resulting mixture 

necessarily) similar in size to HDL. The re a 

is frozen and lyophilized to dryness. Sometimes an 

Additional solvent must be added to the mixture to 

lyo;hilization. This lyophilized product can be stored for 

long periods and will remain stable. 

in the working examples describe infra, tne p p 
M , (SEQ ID NO :1 46, and phospholipids were 
separately in methanol, combined, then mixed with xylene 
before lyophilization . The peptide and lipid can both be 
adaea to a mixture of the two solvents. Alternatively a 

option of the peptide dissolved in methanol can e . x ed 
wlt h a solution of lipid dissolved in xylene. Care shoul 
taken to eliminate salt from the solvent system in order 
avoid salting out the peptide. The resulting solution 
containing the peptide and lipid cosolubilized in 
methanol /xylene is lyophilized to form a powder. 
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The lyophilised product can be reconstituted in 
complex. TO thi ■ volume (o£ten s mgs 

/a preferred embodiment the lyophilized * " 

rehydrated with phosphate Ja ^eTo £ ^t«l or 

solution The mixture may have to oe ag 

equal co « a ^ mnlMes within minutes, a 

reSUltS ' *n alicuot of the resulting »con«i t u t ^ 

v, 3 r a rtPrized to confirm that tne 
nrpnaration can be characterizeu 

working examples described intra, a P 

ael filtration chromatography system was used 

gel tiltrac phosphate buffer, pH 7.4. 

used contains 150 m« NaC - » * « * Bi rolit ers of complexes 

X typical sample volume s 20 ^ is Q . 5 

: : dii ti: as «u as *»» «. as .^a. 

stoices u Dro teins and lipoprotein 

to calibrate the column. The protei _ t . nq of light 

complexes are monitored by absorbance or scattenng 

of wavelength 254 or 280 ^ compl£Xed 

Th e ^ „ : ding saturated , unsaturated, 

with a variety of lipids, m * . 1it . ids Suitable 

^ avnrhetic lipids and/or phospholipids, 
natural and synthetic P x chain 

lipids include, but are not limited to, 
phospholipids, egg phosphatidylcholine 
phosphatidylcholine, dipa^^^^ 
dimyristoylphosphatidylcholme, distear y y 
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^myristoyl-2-palmitoylphosphatidylcholine i-paimitoyl-2- 
myristoylphosphatidylcholine, l-p.lnitoyl-2- 
ste a r o yl p h o S p h a C ia y lcholi„e ^s-aroy^^ ^^^^^ 

phosphatidylcholine, phosphatidylsenne, 
phosphatidylethanolamine , phosphatidyl.nosxtol , 
sphingomyelin, sphingolipids. phosphatrdylglycerol 
dtphosphatidylglycerol . dimyristoylphosphatrdylglycero! . 

aipal^toylphosphatiaylglyoerol . tidylglycerol , 

^^lP^^^« l ^^ phMphmtidic acid, 
dimyristoylphosphatidic acia, u t> 

dimyristoylphosphatidylethanolamine, 

dimyristoylphosphatidylserme, drpalmitoy p 
brain phosphatidylserine , brain sphingomyelin 
dipaXmitoylsphingomyelin. di«..r« V l.phi»g=^£. 
phosphatide acid, galactocerebroside ^ ^ 

Lebrosides, dilaurylphosphatidylcholme . ' ~ mannosy 
Triglyceride, aminophenylglycoside, 3 -cholesteryl -6 - 
^ycosylthio.hexyl ether glycolipids, and cholesterol and 

Th^Ppircants have discovered that when the 
agonists of the invention are ccplexed with sphingomyelin , 
Tl of the HDL of the pre-S-like particles x. removed. 
I corUly, in a preferred embodiment of the invents, the 
R poA-I agonists are administered as a complex with 
sphingomyelin. 

5 .3.2 Mir-mnns OF ™* TREATMENT 

The ApoA-I peptide agonists or peptide-lipid 
complexes of the invention may be administered by any 
suitable route that ensures bioavailability in the 
suitable ro achie ved by parenteral routes 

circulation. This can cest ni-ramuscular 
of administration, including intravenous (IV), intramuscu 
or aamiii.L»i- intraperitoneal (IP) 

(IM), intradermal, subcutaneous (SO and intr P 
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t-v^-r routes of administration may be 
sections. other ^ ^^^^^ 

enteric coatings) are used to avoi environm ents of 

of the active ingredient, S-*3+' " 

i or. —--c^i-z:^^ ~* - 

rrrd^r^ 

avo id or -i^» t ^^"^r. tL of the invention 
In yet another alternative, the trans dermally) , 

can be a-in-tered transcutaneou £ ^ pre£erred 

rra^th^thrlditil, age and compliance of the 

reCiPiSn \ h e actual dose of ApoA-X agonis ts or P^"^ 

a -11 v.rv with the route of administration, 
complex used will vary - circulating plasma 

should be adjusted to achie obtalne d in animal 

concentrations of 100 mg/1 to 9 ■ ago nists 

model ^«.-«^ a f.^;r ^component, and have a 

° f the t ~f-lif n ZL of about five days. Thus, in 
projected half lif ^ ^ be administe red by 

on e ^;- nt ; d ^ e * P etween „. s mg/kg to 100 mg/,g once a 
injection at a dose .^w-,- se rum levels may be 

ApoA -X agonists can be determined ^^^^ 
pna rmaceutical proce dures in ceil cul tu ^ o£ 

a nimals for <*"™* ^ therap eutically 
the population) and the ED 50 (the d 

effective in SO, cl : the popu a to K £ ^ ^ it 

tox ic and ^-apeutic^ffe s ^ 

can be expressed as tne 
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preferred. 

5 .3.3 mm^^^^^^ 

contain the AP o A -X P*"* T£ In « pharmaceutical^ 
complex as the active mgre a- an d delivery 

acceptable carrier --f^^n acidic and/or basic 

A s the pept.de, may ^ ^ . ncluded in 

termini and/or side chains.^ ^ ^ ^ ^ or fcasas , 
th e formulations in arma ceutically acceptable salts. 
or in the form of P harmaCS include sterile 

Injectable preparations i ingr edient 

^pensions. -^^.^ The compositions may also 
i„ aqueous or oily - hlcl * S ' such as spending, stabilising 
contain formulating agents s ^^.^ for inje ction may 
and/or dispersing agent. ampules 0 r in 

b e presented in unit dosage form, 

mu ltidose containers and my £or mulation may be 

Mternatively, the J n wlch . citable 

provided in powder form for rec free 
vehicle, including but not be£ore us e. To this 

w ater, buffer, dextrose ~^»^ hlliMd . or the co- 
end, the R poA-! •9» l ' t ~***J Ly be prepared. The 
ly ophilized peptide-lxpxd complex y ^ ^ ^ an& 

stored preparations can be suppl 

reconstituted prior to us* ■ £ __• ^ ingredien t can 

For prolonged delivery, admin istration by 

be formulated asa ^^Z~^ « . 

^plantation, sua,, subcu ^ the actlve 

intramuscular infection. - polymeric or 

ingredient may be formulated ln an acceptable 

hydrophobic materials le_^, arin gly soluble 

oil) or ion exchange resins, ^ ^ ^ ^ o£ che 
derivatives; e^, as a p 



derivatives; 
ApoA-I agonist. 
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Alternatively, transdermal delivery systems 
manufactured as an adhesive disc or patch which slowly 
releases the active ingredient for percutaneous absorption 
may be used. To this end, permeation enhancers may be used 
to facilitate transdermal penetration of the active 
ingredient. A particular benefit may be achieved by 
incorporating the ApoA-I agonists of the invention or the 
peptide- lipid complex into a nitroglycerin patch for use in 
patients with ischemic heart disease and 
hypercholesterolemia . 

For oral administration, the pharmaceutical 
compositions may take the form of, for example, tablets or 
capsules prepared by conventional means with pharmaceutical^ 
acceptable excipients such as binding agents ( e ,q. , 
pregelatinised maize starch, polyvinylpyrrolidone or 
hydroxypropyl methylcellulose) ; fillers (e^g^, lactose, 
microcrystalline cellulose or calcium hydrogen phosphate) ; 
lubricants ( e.g. , magnesium stearate, talc or silica) ; 
disintegrants ( e.g. , potato starch or sodium starch 
glycolate) ; or wetting agents (e.g. , sodium lauryl sulfate) . 
The tablets may be coated by methods well known in the art. 
Liquid preparations for oral administration may take the form 
of, for example, solutions, syrups or suspensions, or they 
may be presented as a dry product for constitution with water 
or other suitable vehicle before use. Such liquid 
preparations may be prepared by conventional means with 
pharmaceutical^ acceptable additives such as suspending 
agents ( e.g. , sorbitol syrup, cellulose derivatives or 
hydrogenated edible fats) ; emulsifying agents (e^g^., lecithin 
or acacia); non-aqueous vehicles (e.g. , almond oil, oily 
esters, ethyl alcohol or fractionated vegetable oils) ; and 
preservatives ( e.g. , methyl or propyl -p-hydroxybenzoates or 
sorbic acid) . The preparations may also contain buffer 
salts, flavoring, coloring and sweetening agents as 
appropriate. Preparations for oral administration may be 
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suitably formulated to give controlled release of the active 
compound . 

For buccal administration, the compositions may- 
take the form of tablets or lozenges formulated in 
5 conventional manner. For rectal and vaginal routes of 

administration, the active ingredient may be formulated as 
solutions (for retention enemas) suppositories or ointments. 

For administration by inhalation, the active 
ingredient can be conveniently delivered in the form of an 

10 aerosol spray presentation from pressurized packs or a 

nebulizer, with the use of a suitable propellant, e.g., 
dichlorodif luoromethane , trichlorof luoromethane , 
dichlorotetraf luoroethane, carbon dioxide or other suitable 
gas. In the case of a pressurized aerosol the dosage unit 

15 may be determined by providing a valve to deliver a metered 

amount. Capsules and cartridges of e.g. gelatin for use in 
an inhaler or insufflator may be formulated containing a 
powder mix of the compound and a suitable powder base such as 
lactose or starch. 

20 The compositions may, if desired, be presented in a 

pack or dispenser device which may contain one or more unit 
dosage forms containing the active ingredient. The pack may 
for example comprise metal or plastic foil, such as a blister 
pack. The pack or dispenser device may be accompanied by 

25 instructions for administration. 

5.4 OTHER USES 

The ApoA-I agonists of the invention can be used in 
assays in vitro to measure serum HDL, e.g. , for diagnostic 

30 purposes. Because the ApoA-I agonists associate with the HDL 

component of serum, the agonists can be used as "markers" for 
the HDL population. Moreover, the agonists can be used as 
markers for the subpopulation of HDL that are effective in 
RCT. To this end, the agonist can be added to or mixed with 

3 5 a patient serum sample; after an appropriate incubation time, 

the HDL component can be assayed by detecting the 
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incorporated ApoA-I agonist. This can be accomplished usxng 
labeled agonists (e^. . radiolabels, fluorescent labels, 
enzyme labels, dyes, etc.), or by immunoassays usxng 
antibodies (or antibody fragments) specific for the agonxst. 

Alternatively, labeled agonist can be used xn 
imaging procedures CAT scans, MRI scans) to visualize 

the circulatory system, or to monitor RCT, or to vxsualxze 
accumulation of HDL at fatty streaks, atherosclerotxc 
lesions, etc. (where the HDL should be active in cholesterol 
efflux) . 

6 P v^t. B! SY N ™»CT g OF PEPTTPE AGONISTS OF ApoA-I 

The peptides described in TABLE X (Section 8.3, 
infra) were synthesized and characterized as described in the 
subsections below. The peptides were also analyzed 
structurally and functionally as described in Sections 7 and 
8 , infra . 

6.1 fi YKTHES I S ™ CORE PEPTIDES 

Peptides were synthesized on solid phase according 
to the Merrifield technique (Merrifield, 1969, J ■ Am. Chem. 
Soc 85-2149-2154) using 0.25 mmol p -alkoxybenzylalcohol 
resin (HMP resin) (Wang, 1973, J. Am. Chem. Soc. 95:1328- 
1333) and Fmoc chemistry. All syntheses were carried out on 
an Applied Biosystems ABI model 430A automated peptxde 
synthesizer (Perkin-Elmer , Foster City, CA) . The solvatxon 
and activation times used for each coupling cycle are shown 
in TABLE V below: 
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TABLE V 



10 



;15 



.20 



25 



30 



35 



SINGLE COUPLE ACTIVATOR CYCLES 




The resins were washed with NMP between each 
coupiing step. The protocol £or one synthesis cycie is shown 

below in TABLE VI : 

TABLE VI 

COUPLING PROTOCOL FOR ONE SYNTHESIS CYCLE 



1. Deprotection (10% piperdine 
in NMP) 

2. Wash (NMP) 

3 Couple (4 equiv. Fmoc- amino 

acid-HOBT ester in NMP , 
preactivated 50 min.) 

4 . Wash 

5 . Resin Sample (optional) 



TOTAL 



5 
61 



92 
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„cids except Fmo=-e-<l-naphthyl) alanine 
All amino adds naphthyl) alanine was 

.era coupled in this manner Fmoc t I Fmoo .g. (1 - 

ni,r pot manual coupling, x lulu ^ 
coupled manually- For ma ^^.x-yl) - 

naphthyl) alanine and 1 mmol < (TBTU) we re 

1,1,3,3-tetramethyluronxum te " af1 ^ peptide -resin . 

-, ^ <n q ml NMP and mixed with the peptiu 
dis solved in m 1 » N _ etn yldiisopropylamine were 

Thereafter ^ peptide . resin 

added, the — shaken *° ^ e£ficlency was 

washed S times with 1 - ■ ™ ^ ^ Biochem . 

was performed automatically a 

6.2 SSHIBSSia-aEJSIIIBtABIBSt 
Where indicated in TABLE X .Section S^3 ooto) . 
peptide amides were synthesized usin 9 a Hin* amide 

, . fhB Fmoc -Rink amide handle 
i containing the Fmoc kiu , , (Rink, 1987, 

20 Tetrahedron Lett. 28. J /o» 

described in Section 6.1, SUEES. 

N - t erminal acylated forms of the pept - - J 

S — ^terml^acetylated peptides IS ml of acetic 
anhydride solution (10, v/v in -»» added t each^ ^ 

resin-hound ^ t ^^^ZZ^ resin was 

^-rrrj: m «. -» - — — - 

ethanol (15 ml) . 

6 4 CLE^7AGE_^ND_JDE^RQTECTIQN 

Sections 6.1, b - z a " 
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and deprotected with a cleavage solution containing 92.5% 
trifluroacetic acid (TFA)/3.75% anisole/3 . 75% dodecanthiol 
(v/v/v) . To effect cleavage, 10 ml of cleavage solution was 
added to 0.25 mmol peptide resin and stirred f or 1 . 5 hours at 
5 room temperature. The resin was removed via filtration and 

the cleaved/deprotected peptide precipitated with diethyl 
ether, washed with ether and dried in vacuo. 

The cleavage cocktail for peptides containing Trp 
(W) as well as for peptide amides, was composed of 86.5% 
10 TFA, 4.5% H 2 Q, 4.5% 1 , 2 -ethanedi thiol , 4.5% anisole and 3% 

phenol . 

6.5 PURIFICATION 

The crude, cleaved peptides of Section 6.4 were 
purified by reverse phase HPLC. The purity of each peptide 
was confirmed by different analytical techniques (analytical 
HPLC, capillary electrophoresis) . Capillary electrophoreses 
were carried out on fused silica capillaries of 70 cm length 
and an internal diameter of 75 M m (Thermo Separation 
Products) . The separations were performed at 25°C, 15 kV, 
run time 35 min. , in two different buffer systems: Buffer 1 
(20 mM Na 2 B 4 0 7 , pH 9.2) and Buffer 2 (10 mM Na 2 HP0 4 , pH 2.5). 
HPLC separations were carried out on Nucleosil 7C18 or 
Nucleosil 7C4 columns (Macherey and Nagel, Germany), 250 x 21 
25 mm, at a flow rate of 8 ml/min. The gradient elution was 

performed using a mixture of 0.1% TFA in water (Solvent A) 
and 0.1% TFA in acetonitrile (Solvent B) . The gradients used 
were adjusted to meet the needs of each peptide. 

6 . 6 CHARACTE RIZATION 

The mass and amino acid analysis of the purified 
peptides described in Section 6.5 were confirmed via mass 
spectrometry and amino acid analysis, respectively, as 
described below. Edman degradation was used for sequencing. 
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6.6.1 LC-MS 

A standard commercially available triple stage 
q uadruple mass spectrometer (model TSQ 700; Finnigan MAT, San 
Jose CA, USA) was used for mass determinate. A 
pneumatically assisted electrospray (ESI) interface was used 
for sample introduction to the atmospheric pressure 
ionization source of the mass spectrometer ^ The 
sprayer was operated at a positive potential of 4 . 5 kV^ The 
temperature of the steel capillary was held at 200*0 whereas 
the manifold was at 70°C. Positive ions generated by this 
ion evaporation process entered the analyzer of the mass 
spectrometer. The multiplier was adjusted to 1000 V The 
analyzer compartment of the mass spectrometer was at 4E-6. 
All acquisitions were performed at resolution < lu. 

Peptides were analyzed by direct infusion of the 
purified peptides using an ABI (Applied Biosystems) microbore 
system consisting of a syringe pump (model 140B) ; an UV 
detector (model 785A) and an oven/injector (model 112A) . 
solvent system consisted of water (solvent A) and 
acetonitrile (solvent B) , each containing 0.1% TEA. Peptides 
were infused using either a gradient or isocratic conditions 
and eluted from an Aquapore CIS column. The flow rate was 
typically 300 M l/min. Concentration of each peptide was 
about 0.03 mg/ml, 20 „1 of which was injected (e^u, 30 

' Ful i scan MS experiments were obtained by scanning 
quadruple 1 from m/z 500-1500 in 4s. Data were acquired 
using an Alpha DEC station and were processed using the 
software package provided by Finnigan MAT (BIOWORKS) . 

6.6.2 &MTNO ACT " ANALYSIS 

Amino acid analysis was performed on an ABI 
(Applied Biosystems) 420 Amino Acid Analyzer. This system 
consists of three modules: a hydrolysis and derivatisation 
instrument, a reverse-phase HPLC and a data system. Peptide 
sample were applied (3 times in triplicate) on porous glass 
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slides and subsequently hydrolyzed under gas phase conditions 
(155° C 90 min.). After removal of the HCL, the resulting 
amino acids were converted to PTC-AA 
( Phenyl thiocarbamoyl- amino acids) using PITC 
5 (Phenylisothiocyanate) . After transfer to the HPC sample 

loop the resulting mixtures were fractionated on an Aquapore 
C18 column using the gradient mode (Solvent A: 50 mmol 
ammonium acetate (NH 4 Ac) , P H 5.4, in water; Solvent B: 32 mmol 
of sodium acetate (NaOAc) in aqueous acetonitrile) under 
10 conditions of temperature control. The HPLC data were 

processed by the software package provided by Applied 
Biosystems. Quantification was performed relative to a 
peptide standard delivered by Applied Biosystems. 

6 .7 SYNTHESIS OF BRANCHED NE TWORKS 

Tetrameric-core peptidyl resin and trimeric-core 
peptidyl resin are synthesized as described in Demoor et al . , 
19 96, Eur. J. Biochem. 239:74-84. The tetrameric and 
trimeric core matrix still linked to the 4 -methyl 
20 benzhydrylamine resin is then used as initial peptidyl -resin 

for automated synthesis of core peptides as previously 
described. 

J Branched networks containing helical segments of 

\ different amino acid compositions can be synthesized using 

\s orthogonal synthesis and protecting strategies well known in 

the art . 

7 EXAMPLE: STRUCTURAL AND LIPID BINDING 
_J ANALYSIS OF ApoA -T PEPTIDES 

30 The structural and lipid binding characteristics of 

the purified peptides synthesized as described in Section 6, 
supra , were determined by circular dichroism (CD) , 
fluorescence spectroscopy and nuclear magnetic resonance 
(NMR) . 

35 
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7.1 rTRCUIAR nTCHROISM 

This Example describes a preferred method for 
determining the degree of helicity of the core peptides of 
the invention both free in buffer and in the presence of 
lipids . 

7.1.1 TEYPKRTMEyT&T. METHOD 

Far UV circular dichroism spectra were recorded 

/ ■ n c mm ^r* o 2 nm increments) with 
between 190 and 260 nm (in 0 . 5 nm or 0 . nm in 

a AVIV62DS spectrometer (AVIV Associates, Lakewood, NJ. USA) 
equipped with a thermoelectric cell holder and sample 
changer. The instrument was calibrated with ( + ) -10- 
camphoric acid. Between one and three scans were collected 
for each sample, using 10 cm, 5 cm, 1 cm and 0.1 cm path 
length quartz Suprasil cells, respectively, for peptide 
concentrations of 10- N to 10- M. The bandwidth was fixed at 
1 5 nm and the scan speed to Is per wavelength step. The 
reported data are the mean of at least 2 or 3 independent 

measurements . 

After background substraction, spectra were 
converted to molar ellipticity (6) per residue in deg. cm" 
and-. The pepti de concentration was determined by ^ 
acid analysis and also by absorption spectrometry on a Perkin 
Elmer Lambda 17 UV/Visible spectrophotometer when the peptide 
contained a chromophore (tryptophane, dansyl , 

naphtylalanine) . 

CD spectra were obtained with free, unbound peptide 
(5 uM in 5 mM phosphate buffer, P H 7.4); with peptide-SUV 
complexes (20:1 EPC:Chol., Ri=30 and Ri=50) ; with peptide- 
mi celle complexes (i-myri S toyl-2-hydroxy-sn-glycero-3- 
phosphatidyl choline, Ri-100) ; and with free, unbound peptide 
in the presence of 2 , 2 , 2- trif luoroethanol (TFE) (5 M M 

peptide, 90% vol TFE) . 

The SUVs were obtained by dispersing the lipids 
(10 mM, 20:1 EPC.Chol., Avanti Polar Lipids, AL) in P^P hate 
buffer (5 mM, P H 7.4) with bubbling N 2 for 5 min., followed by 
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sonication (1.5 hr.) in a bath sonicator. The homogeneity of 
the preparation was checked by FPLC. 

The micelles were obtained by dispersing the lipid 
(6 mM i-myristoyl-2-hydroxy-sn-glycero-3-phosphatidyl 
5 choline, Avanti Polar Lipids, AL) in phosphate buffer (5 mM, 

pH 7.4) with bubbling N 2 for 5 min. , followed by vortexing. 

To obtain the peptide-SUV complexes, SUVs were 
added to the peptide (5 fxM in 5 mM phosphate buffer, pH 7.4) 
at a phospholipid-peptide molar ratio (Ri) of 30 or 50. 
10 To obtain the peptide-micelle complexes, micelles 

were added to the peptide (5 fiM in 5 mM phosphate buffer, pH 
7.4) at a Ri of 100. 

All spectra were recorded at 37°C. 

% 15 7.1.2 HELICITY DETERMINATION 

1 The degree of helicity of the peptides in the 

^ various conditions was determined from the mean residue 

I ellipticity at 222 nm (Chen et al . , 1974, Biochemistry 

0 13:3350-3359) or by comparing the CD spectra obtained to 

^20 reference spectra available on databases (16 helical 

y reference spectra from Provencher & Glockner, 1981, 

& , Biochemistry 20:33-37; denatured protein reference spectra 

5 from Venyaminov et al . , 1993, Anal. Biochem. 214:17-24) using 

3 t he CONTIN curve- fitting algorithm version 2DP, CD-I pack 

25 (Aug. 1982) (Provencher, 1982, Comput . Phys . Commun. 27:213- 

227, 229-242) . Acceptable fit was determined using the 
statistical analysis methodology provided by the CONTIN 
algorithm. The error of all methods was ±5% helicity. 

Peptide 146 (SEQ ID NO: 146) contains a very high a- 
30 helical content (86% helicity) in buffer at a concentration 

of 5jxM. The helicity of peptide 146 (SEQ ID NO: 146) 
increases in the presence of both SUVs (100% helicity) and 
micelles (100% helicity) and also in the presence of TFE (95% 
helicity) , which is a solvent that, due to having a 
35 significantly lower dielectric constant (e=26.7) than water 
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(e-78.4), stabilizes cx-helices and intrapeptide hydrogen 
bonds at concentrations between 5 - 90% (v/v) . 

Referring to TABLE X, Section 8.3, infra , it can be 
seen that those peptides which exhibit a high degree of LCAT 
activation (*38%) generally possess significant a-helical 
structure in the presence of lipids U60% helical structure 
in the case of unblocked peptides containing 22 or more amino 
acids or blocked peptides containing 18 or fewer amino acids; 
a 4 0% helical structure in the case of unblocked peptides 
containing 18 or fewer amino acids) , whereas peptides which 
exhibit little or no LCAT activation possess little of-helical 
structure. However, in some instances, peptides which 
contain significant cx-helical structure in the presence of 
lipids do not exhibit significant LCAT activation. As a 
consequence, the ability of the core peptides of the 
invention to adopt an a-helical structure in the presence of 
lipids is considered a critical feature of the core peptides 
of the invention, as the ability to form an a-helix in the 
presence of lipids appears to be a prerequisite for LCAT 
activation . 

7.2 FLUORESCENCE SPE CTROSCOPY 

The lipid binding properties of the peptides 
synthesized in Section 6, supra, were tested by fluorescence 
measurements with labeled peptides, in the present case 
Tryptophane (Trp or W) or Naphtylalanine (Nal) . The 
fluorescence spectra were recorded on a Fluoromax from Spex 
(Jobin-Yvon) equipped with a Xenon lamp of 150W, two 
monochromators (excitation and emission) , a photomultiplier 
R-928 for detection sensitive in the red up to 850 nm and a 
thermoelectric magnetic stirred cell holder. Quartz Suprasil 
cuvettes were used for measurements in the micromolar 
concentration range. A device of variable slits (from 0 . 4 to 
5 nm) allows modulation of the incident and emitted 
intensities according to the concentration of peptide used. 
The reported values are in general the average of between 2 
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to 4 spectra. The peptide concentration is determined by 
absorption spectrometry on a Philips PU 8800 using the 
absorp P =5,550 M^cm" 1 in Tris buffer) 

absorption band of the Trp U 280 nm 

or the Nal ( e 224 nm =92 , 770 M-cm" 1 in methanol) ^corted 
Fluorescence spectra of the peptxdes were recorded 
between 290 nm and 450 nm in Tris-HCl buffer (20 ^ P H - 
7 5) in the presence and absence of lipxdxc vesxcles. The 
small unilamellar vesicles were formed after rehydration in 
buffer of the lyophilized phospholipids, dxspersxon and tip 
sonification under a N 2 stream. The lipids used were exther 
BggPC/Chol. (20:1) or POPC/Chol. (20:1). The spectra were 
recorded at a peptide concentration of 2,M and at a 
temperature of 37°C. The fluorescence reference standard xn 
the case of Trp was N-acetyltryptophanylamxde (NATA) . 

Lipid binding studies were done through progressive 
lipidic vesicle addition to the peptide in solution at 2 ,M 
lsUts:5nm in excitation and!, nm in emission) . Dxlutxon 
effects were taken into account for the fluorescence 
intensity determination. The lipid concentrations were 
varied from 10 to 600 »M and the molar ratio of Ixpxd to 
peptide (Ri) was varied from 5 to 300. The wavelength of 
excitation was set at 280 nm for both Trp and Nal. 

7 21 PT.TTORESCE WW SPECTFAT. ANALYSIS 

The data were directly recorded and treated by an 
XBM-PC linked to the spectrof luorimeter through the DM3000F 
software from Spex. The spectra were corrected by 
subtraction of the solvent contribution and by applxcatxon 
of a coefficient given by the constructor taking into account 
the variation of the photomultiplier response versus the 
wavelength. 

The fluorescence spectra of the peptxdes were 
characterized by the wavelength at their maximum of 
fluorescence emission and by their quantum yield compared to 
NATA in the case of peptides labeled with a tryptophane^ The 
process of binding to lipids was analyzed by calculatxng the 
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shift of the wavelength at the maximum of fluorescence 
emission, (X_> , and the variation of the relative 
fluorescence intensity of emission versus the lipid 
concentration. The relative fluorescence intensity is 

^ • n t \ /t I and In are 

defined as the following ratio: U-ioUma*/ J-oxmax- 

both measured at the (X max ) corresponding to the initial free 
state of the peptide, i^, without lipids. I is the 
intensity at a defined lipid to peptide ratio and l 0 is the 
same parameter measured in absence of lipids. The absence of 
these variations is relevant of the absence of interactions 
of the peptides with the lipids. 

-j. 2. 2 PKSTTIiTS &*rn DISCUSSION 

The lipid binding properties of peptide 149 
(PVLELFENLWERLLDALQKKLK; SEQ ID NO-.149), which is similar in 
primary sequence to peptide 146 (SEQ ID NO:146) except that 
it contains a W (Trp) residue at position 10, are presented 

in TABLE VII . 

TABLE VII 

! ot; Lipid: Peptide 

l 25 Molar Ratio (Ri) I/I- x — (nm) 



0 
5 

10 
30 
60 
100 
200 



0 347 

!9.7 334.5 

31.4 32? 

49.4 325.5 

64.3 325 

77 325.5 

84 325 



in buffer at a concentration of 2 /im, the maximum 
of the tryptophane fluorescence emission (X^) of peptide 149 
(SEQ ID NO:149) is 347 nm. This corresponds to a tryptophane 
which is relatively exposed to the aqueous environment when 
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compared to — (X max=350 nm, . Peptide 1« ^J*^ 
binds very effectively to EPC/Chol (20:1) small unilamellar 
vesfcles as demonstrated by the burying of the tryptophane 
72 wavelength for the tryptophane maximum fluorescence 
emission shifts from 347 nm to 325 nm, and the high 
fluorescence intensity exaltation (see Table V XV The 
burying of the tryptophane residue is maximal for a lipid 
peptide molar ratio o£ about 30. 

Other peptides which exhibited a high degree of 
helicity in the presence of lipids (.60% for unblocked 
peptides of * 22 amino acids, or blocked peptrdes of . 18 
X acids; . «0* for unblocked peptides of. IS . mine 



^measured ^ ^ ular dichroism as disclosed in 
Section 7.1, .UK*, also demonstrated good lipid binding. Of 

„ =11 the peptides selected by the circular 
course, among all the peptia 



course, among "* ones that could be followed by 

dichroism screening, only the ones tua 

,=<,t-,.d for their lipid binding properties, 
fluorescence were tested tor tneir f 

7 3 x^i.gtB MAG MK " TTfl BKSOHAWCE («MR) 

This Example describes an NMR method for analyzing 
the structure of the core peptides of the invention. 

7 3 1 tjmp SAMPLE PPVPftRATION 
samples "were prepared by dissolving 5 mg of peptide 
in 90% HP/10% D 2 0 containing trace amounts of 2, 2-Dimethyl-2- 
^la-5-pentane sulfonate (DBS) as an internal chemical shift 
Slid ^ .. ^„hainprf trif luoroethanol 

reference. Some of the samples contained tntiuo 

(TPE) (expressed as % vol) . The total sample volume was 
500 Ml and the concentration of peptide was approximately 
5 mM. 

7.3.2 mmp SPECTROSCOPY 

* NMR spectra were acquired at 500 MHz using a 
Bruker DRX500 spectrometer equipped with a B-VT2000 

.-^i „nir One and two-dimensional 
temperature control unit. <->ne 

experiments were recorded using standard pulse seguences^ 
(Two Dimensional NMR Spectroscopy. Eds. W.R. croasmun and RMK 
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Water 



Carlson 1994, VCH Publishers, New York, USA) 
suppression was achieved with low power presaturation for 

Two-dimensional experiments were earned out xn the 



2 sec. -Lww - 

t>hase sensitive mode using time proportional phase 
^mentation ,TPPI> ana a spectral width «. ^ H 2; n both 
dimensions. Typically. 40 scans were co-added for 400 t 
increments with 204S data points. Data were proce sed usmg 
FELIX95 software (Molecular Simulations, on an IHDI002 
workstation (Silicon Graphics) . Data were zero-filled to 
give a 2K x 2K data matrix and apodized by a 45" shifted 
squared sine-bell function. 

7.3.3 tjig ^nUMEMT 
Complete proton resonance assignments were obtained 
by applying the sequential assignment technique using 
DQFCOSY, TOCSY and NOESY spectra as described in the 
literature (Wuthrich, NM R of Proteins and Nucleic 
19 86. John Wiley I Sons, New York. USA) . Secondary chemical 
shi£t s were calculated for HN and H. protons by 
the tabulated random coil chemical shifts (Wishart and Sykes, 
1994, Method. Enz . 239:363-392) from the corresponding 
experimental values. 

7.3.4 PEIRTTLTS HTSCnSSION 

con spiration . Amphipathic helical 
peptides tend to aggregate in aqueous solutions at the hxgh 
concentrations necessary for NMR spectroscopy, makxng xt 
difficult to obtain high resolution spectra. For example, 
L spectra of exemplary core peptide 146 (SEQ ID NO: 146) xn 
water exhibit very broad lines. Thus, the resonances of each 
amino acid residue cannot be resolved. Addxtxon of TEE to 
the sample improves the resolution of the spectra TPE 
known to solubilize peptides, and in addition stabxlxzes 
helical conformations of peptides having helical propensxty. 
The findings from NMR spectroscopy are demonstrated for 
peptide 146 (SEQ ID NO:146) as a representative example 



The 
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c Sear est (SEQ ID NO:75) was studied in 
consensus 22-mer of Segrest i» w 

o£ amino acids depend both on the type of res* , 
local secondary structure within a peptide or prote 
local secon y ^ Hagnecio Resonanc e 

conformation. ,-voicallv results in an up- 

pormation of an a-helix typicaiiy 

Formatxon resonanC e . Observation of 

field (negative) shift tor cne n 

an'upf ieid H„ shift for se.erai seouentia residues ^ ^ 
Hy =;; enc o^a hell ^ ho i46) ^ 

7s ^ significant , 9 a ti ve shift for residues < 
through 19 (PIO. «0. demonstrating a highly helical 

conformation. hydrogens of amino 

The chemical shifts of amide ny y „ h , fl .„ d 

random coil. In addition, a periodicity 

b e observed, and it reflects the period of the hel 

, ^ «f r h P shift variation along the sequence 
The amplitude of the shirt neotide. A higher 

related to the amphipathicity of a helical peptide a 
related to pronounced oscillation 

hydrophobic moment leads to a P } _ The HN 

-l iqqo j Am. Cnem. fc>oc . xx**.-*-' 
(Zhou et al., 1992, J ■ NO: 146) in 25% TFE 

secondary shifts for pep - <SBO ^ t ^ ^ 

at 295 K show an osciiidtuiy ^ 
amphipathic nature of the helix (FIG. 8B) . 

The amino acid replacements lead to a more 

UK (<?EO ID NO: 14 6) as compared to Segrest s 
o£ peptide 146 «« ID Referring to pig , sc, the 

consensus 22-mer v&au j- he»lix where 

distribution of amino acids on an idealized c-helix. 
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10 



115 



represented as open «rcl... « Pl°£ * ^ ^ ^ 

amide proton ^^J^^Z ^JeoL, by a soothed 

rtr r^r 1 - - ^ ^ «- — 

aid t e -rie of 5-« ^ can be discussed. 

The secondary shift o£ an amide proton is 

, -v, „f the hydrogen bond to the carbonyl 
influenced by the length of the hydrog 

NO :146) indicate a curved .-helical conformation. 

8 nH»"»-«- TiCAT ^CTTVATTON ASSAY 

• =^ =<= Ascribed in Section 6, 
The peptides synthesized as descncea 

me t"=f .i^-ij*-,, t-o activate 



20 LCAT . 



Tne pep—, ability to activate 

supra, were analyzed in v^ for their ability 
LCAT in the LCAT assay, substrate vesicles (small 
unila mellar ve sicles or ^^^^-p^^l- 
phophatidylcholme (EPC) or ^ _ , are preincuba ted 



„ith eq uivalent .asses either of peptid « *P°* of 
from human plasma. . The reaction is i „ as 
LCfiT (purified from human plasma) . Native ApoA 

- i ,.r,r«aents 100% activation 
used as positive control, represents act ivity (LCAT 

acu ..^ i-v,ai- achieves maximum LCAT 

as the concentration of peptide that acniev 

a tltion. For example, a series of concentrations of the 
peptide (^u, a limiting dilution) can be assayed to 
^ermine the - specific activi ty^ ^ the pep -- ^ 

concentration which achieves maximal LCAT act at 

^ rholpqterol to cholesterol esuer^ 
percentage conversion of lhr>) . when 

a specific timepomt m the assay ^e^_, 
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plotting percental conversion of c.oiestaroi at ^ 
that achieves a plateau on the plotted curve. 

The vesicles used in the LCAT assay are SUVs 

. £ on*i To prepare a vesicic 
ratxo of 20 1. T P P ^ ^ ? _ g mg pQpC; 

sufficient for 40 assays, a 

H 78 uq (0 2 M mol) 4 -"C-cholesterol , 116 M9 
10 M moD, 78 M9 1° ■ M lved in 5 ml xylene and 

cholesterol (0.3 M mol) are d».ol ^ ^ 

t_ • i • ^ Thereafter 4 ml or assay 
lyophxlxzed. Thereat atmosphere at 4°C. 

dry powder and sonicated under nxtrogen P 

• pnnditions- Branson 250 sonxcator, 10 mm tip, 
Sonxcatxon ^™ 1Q m Tris , 0.14 M NaCl, 1 m* EDTA, 

5 minutes; Assay buffer, x , 6 times for 5 

DH 7 4) The sonicated mixture xs centrxfuged tx 

Vi n me at 14 000 rpm (I6,000x g) to remove 
minut es each - - 14 p ^ ^ ^ ^ 

titanium particles. 

the enzyme assay. 

8 2 t>ttptfICAT™tj OF LCAT 
F or the LCAT purification, dextran suifate/Mg- 
i.om=, ie used to obtain lipoprotexn 
t reat m ent of IZ. Ts serially chromatographed 

deficient seru„ (LPDS whrc ConcanavalinA sepna rose and 

on phenylsepharose, AttxgexDxuc, 

a„ti-Ap°A-I affinity chromatography, as summed for 
representative purification in TABLE IX, below: 
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8.2.1 PWUPABATT "* OF LPDS 

To prepare LPDS, 500 ml plasma is added to 50 ml 
dextran sulfate (MW = 500000) solution. Stir 20 ™i™ 
Centrifuge for 30 minutes at 3000 rpm (16.000 x g, at 
Use supernatant (LPDS) for further punfxcatxon (ca. 500 ml). 

8 2.2 PWWMYLSEP W&POSE CHP OM ATOGRAPHY 

The 'following materials and conditions were used 
for the phenylsepharose chromatography. 

solid phase: Phenylsepharose fast flow, high subst . grade, 
Pharmacia 

column: XK26/40, gel bed height: 33 cm, V=ca. 175 ml 

flow rates: 200 ml/hr (sample) 
wash: 200 ml/hr (buffer) 

elution- 80 ml/hr (distilled water) 

buffer: 10 mM Tris, 140 mM NaCl , 1 mM EDTA P H7.4, 

0.01% sodium azide. 
Equilibrate the column in Tris-buffer, add 29 g 
NaCl to 500 ml LPDS and apply to the column. Wash with 
several volumes of Tris buffer until the absorption at 280 nm 
wavelength is approximately at the baseline, then start the 
elution with distilled water. The fractions containing 
protein are pooled (pool size: 180 ml) and used for 
Affigelblue chromatography. 

8 .2.3 &VVTGELBI-TTTC CHROMA TOGRAPHY 

The Phenylsepharose pool is dialyzed overnight at 
4°C against 20 mM Tris-HCl, pH 7.4, 0.01% sodium azide The 
pool volume is reduced by ultrafiltration (Amicon YM30) to 
50-60 ml and loaded on an Affigelblue column. 

luino Dinrad 153-7301 column, XK2b/^U, 

solid phase: ^"^^^"a'. 13 cm; column volume 

approx. 7 0 ml. 

flow rates: loading: 15 ml/h 
wash: 50 ml/h 

Equilibrate column in Tris-buffer. Apply Phenylsepharose 
pool to column. Start in parallel to collect fractions. 
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. f£er The pooled fractions (170 ml) were 
Wash with Tris-buffer. me p 
used for ConA chromatography. 

8 2 4 ConA_CHRQMATQGRAPHY 

Educed via Amicon (YM3 0) 

The Affigelblue pool was reduced v 

to 30-40 ml and dialled against -f U_ 

Tris HC1 PH7.4; 1*M ^Cl 2 , in* MnCl 2 , in* CaCl 2 , 0. 

azide) overnight at 4°C. 

ronA sepharose (Pharmacia) 
solid phase: ConA sepn 14 cm (75 ml) 

column- XK26/20, gel bed height. 14 cm 

L0 column. 

flow rates: loading 40 ml/h _ 
washing (with starting butter j . 
T^tio!: 50 «l/h. 0. 2 M M e th yl- a -0- m anno S1 de 



elution. 

in lmM Tris, pH 7.4 



, in fractions of the mannoside elutions were 
5 The protein fraction foy 

collected (HO ml) , and the volu ^ 
ultrafiltration (YM30) to 44 ml. The ConA p 
in 2 ml aliquots, which are stored at -20 C. 

50 a TT^rlnT^hTo^o^hy was performed 

^ti-ApoA-I a finx Y ^ ^..^^ abs 

on Affigel-Hz material (Biorad) , 

have been coupled co ai e ^.^^ ^ ^ _ equilib rated 

C ° 1Umn: w!th PBS PH 7.4. Two ml of the ConA pool was 

dialyzed for 2 hours against PBS before 

loading onto the - lumn ' 4Q ml/hour . 

loading: 15 ml/hour washing (PBS) 4U / 
flow rates: loading for LCAT 

The pooled protein fractions (V-14 ml) 

30 assays. w-it-h 0 1 M- Citrate 

The column is regenerated with 0.1 mediately 
. Hound A- I (100 ml , and immediately 
^ fr>H 4 5) to elute bound A i vxu 

buffer \P*i , -q-t) c 

a£t er this procedure reequiUbrated with PBS. 

8.3 PBSULTS 

35 ^ ^.u^ TrziT activation assay are 

The results of the LCAT acuiva 

presented in TABLE X, infra- 
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_ " TMLE x . indicates peptides that are 
in x ' termi „al amidated; • indicates 

N-terminal acetylated and C-termr indloa tes 

peptides that are -"f"^ 1 ;^ under the 
peptides that exhibited solubility P q ^ ^ ^ (%) 

experimental -d = , * ^ e .' a .. ignat .. miceUes,. and 

designates percent helicity, 

- indicates deleted amino adds. 

„! rhe tooA-I agonists are stable in the 
demonstrate that th » ^ ^ component o£ plasm a. 

circulation and associau 

9 - 1, SYNTHESI&_y£ ~ ,-hesized by coupling 

Radiolabeled peptides are ^heex« Y 

„^ »q the N-terminal amino acia. 
. ..c-labeled ammo to Lapats anis, Synthesis, 

synthesis is carne out a= terminal amino 

19BJ , S71 . 173 Brref V 2 0 sQiution ^ added 

acid is dissolved in 225 n "c-labeled N- 

to a solution <» o . to 0 . c . mixed 

terminal amino acid. The iiq 

uit h 600 pM (202 mg> ,-fluoreny methyl -H ^ 
succinimidylcarbonate ^ ^^he is 

-rtinroiithyiether „ , - — r; 3 r % « 

Sml) , the remaining aqueous phase r ^ ^ 

a nd extracted <*^™ £ f "l the volume was reduced 

is dried over Na,so., filtered o estim ated by TLC 

u „der nitrogen £ lo„ to £ ^ * * phase RPTLC 
(CHCl 3 :MeOH:HaC, 9:1.0.1 v/v/ 

silicagel 60, Merck, Germany) . "c-labeled Fmoc 

The chloroform solution containing _ eptide 
amino acid is used directly for peptide synthesis. A pept 
ammo acia x» -h 2 22 is synthesized 

resin containing ammo acias seq uence of the 

automatically as described in Section 6. 
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peptide is determined by Edman degradation. The coupling is 
performed as described in Section 6.1. 

9 2 . dw^MACOKT^^^S TN MICE 

. or ma/kQ radiolabelled peptide 
In each experiment, 2.5 mg/Kg 

is injected intraperitoneal^ into .ice which ar* » £^ 
„ use chow or the atherogenic Thomas-Harcrof t modrfxed diet 

resulting in severely elevated VXD. and IDL <*ol~t«ol» . 
Blood samples are tafcen at multiple time intervals for 
assessment of radioactivity in plasma. 

9.3. aT^ nTT.TTY 71 «™"' SEROM 

The stability of the ApoA-I agonists of the 
invention in human serum is demonstrated as described below. 

931 TCYPBRTMENTftT. METHODS 

100 ug of -C-labeled peptide (prepared as described 

in Section 9.1. ^ . i- ***** ^ 2 ml 

^ ^iir,irfated either immediately (control 
r-iiacima (at 37°C) and delipiaacea ex unci. 

Delipidation is carried out by extracting the Ixpid. with 
equal volume of 2:1 (v/v) chloroform methanol . 

5 The samples are loaded onto a reverse -phase CI 8 

HPLC column and eluted with a linear gradient (25-5.* over 33 
mi „ , of acetonitrile .containing 0.1% TFW - Elution 
5 profiles are followed by absorbance (220 nm) and 

radioactivity. 

9 4 t?npmTTON OF tilKE PARTICLES. 

The' ability of the ApoA-I agonists of the invention 
to form pre-0-like particles is demonstrated as described 
below . 

9.4.1. ttYPBRIMENTM, METHOD 

Human HDL is isolated by KBr density ultra 
centrifugation at density d- 1.21 g/«l - obtain top fraction 
followed by Superose 6 gel filtration chromatography to 
separate HDL from other lipoproteins. Isolated HDL is 
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Ousted « a final concentration of 1^0 "a^ 1 ^^^ by 

Bradford protein assay. ^ .„„, h , te d with 100 111 

t he isolated HDL preparation and incubated ^ 
»C-labeled peptide for two hour « - ^ ^ 

incubations are analyzed including labe ied 
physiological saline and four dilutions o * 

, n ?o ua/ul peptide:HDL, ratio=1.15, viu 

peptxde: (x) 0.20 P P peptide :HDL, 

„rr/ul D e-Dtide:HDL, ratio=l:10, ^i/ r= . 

M g//xl pept! / , peptide :HDL, ratio=l:3. 

ratio=l:5; and (xv) 1-00 ^ P P fche 

onto the column. 

* t hrmTTTTT WTT" ^tm^N LIPOPROTEINS 

9 5 AS^QCIATigiLOF_A p"-A-I AG ONISTS^ 

9 5 i ttYPERIMENTA T. METHODS 
The ability of the ApoA-I agonists of the invention 
to asS ooia T tr W ith human lipoprotein ^ 
by incubating "C-labeled peptxde with each 1 P P 
(HDL , LDL and VLDL) and a mixture of the different 

lipoprotein classes. , cnlat ed by KBr density 

HDL, LDL and VLDL are isolated by 

^ 01 a/ml and puririea uy 

gr adient ultracentrif ugation •'^j' coluTO 
FPLC on a superose SB column size exc ^ 
.chromatography is carried out at a flow ^ 

- * Tr:i XT ^ir^'is 1 — 

EDTA and 0.01* NaiN 3 . . f 1:5 

hdl LDL and VLDL at a peptide ^hospholxpxd ratio of l 
HDL, LDL and The require d amount of 

(mass ratio) ^ n( .. ded to yield 1000 /xg) 

lipoprT in Wolumes ^ ~ sol^ion U mg/ml, and 

afi . pr incubating for 2 nr. at: j / ^/ 
mil is rem^ed fL li^id scintillation counting to determine 
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fVlo Hpns ity of the remaining 
th e total radioactivity, the „ ith rar , and the 

incubation mixture is ad 3 us« ^ fQr 24 

sanples ar e centri uge at x 00^ ^ ^ ^ 
hours at 4-C » a T£ 100 tant is fra =tionated 

by removing 0.3 ml aliq £ra ction is used 

total o£ 5 fractions, and 0.05 ml £rac tions 
for liquid scintillation counting The P 
contain the floating lipoproteins, the oth 
correspond to proteins/peptides in solution. 

,„ MT e TS OF THE INVENTION 

9 6 ! EXPERIME^AL_METHOD 

To demonstrate that the ApoA-I agonists of the 
• i K^rf HDL proteins in human plasma, 
invention selectively b.nd HDL p ^ ^ ^ 

of human plasma is incubated wxth 2 , 40 , iipoproteins 
of ^-labeled peptide for 2 hr. at . ^ 

are separated by ^-^ -e^dens ^ ^ ^ 
oentrifugation ,n a TLA . ^ ^ ^ ^ ^ fractions) 

g , for 36 hr. at 4 ^ fractlon is 

is taken for analyst 50 M l fraction is 

counted for radioactivity and ™£\ combinat ion column), 
analyzed by FPLC (Superose 6/Superose 

To demonstrate that the ApoA 9 
invention promote cholest. ; rol e He^ato. 
a re plated into -wel cultur , H . cholesterol by dry in g 

confluence. Cells are 1 (BSA) in 

t b» cholesterol, then adding 1 the solutio „, and 

phosphate ^""^Jf^be ing solution and i.S -1 growth 
adding 0 . 2 .1 of this CQnCains 2 „ci of 

medium to the cells, so that each wel ^ 
radioactivity. Cells are incubated for 
labeling medium. 
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Peptide (or protein, :DMPC complexes are prepared at 

r-Z (or protein) :DMPC ratio (« = w) . To prepare the 
. !:2 peptxde or prote n ^ ^ to 

complexes, peptxde or n ed , t room temperature 

a DMPC solution in PBS and incupa „ niiri£v Peptide 

rr= sr.-. 

m 9/ ml - /. jr^-, the cells and the 

Labeling media is removed from the cei 

cells are washed with PBS prior to addition of 

..S ml of growth medium is added to each we - ^ 

peptide (or peptide or 

the final volume to 2 ml per well ^ ^ 

A poA-I concentrations are about l 2-5 , ^ 

medium. After 24 hours of incubation at 37 C 

^ ^ the cells are washed with 2 ml of 1< BSA/fc^, 
removed, and the cells a amount of 3 H- 

scintillation counting. 

n EXAMPLE : USE OF THE ApoA- I AGONISTS 
11. EXAMPIja ^^^^^ MODF T - SYSTEMS 

The efficacy of the ApoA-I agonists of the 

, , . ^ _ rnv,^ results show that 
invention was demonstrated in rabbits. The resul 

n of the ApoA-I agonists increases serum 
administration of the Apow. ± a 

concentration of HDL-like particles. 

Small discoidal particles consisting of 
phospholipid (DPPO and peptide 14. (SEQ 
prepared following the chelate dialysis method. The 
phospholipid was dissolved in chloroform and ^ d ^ 
^reL of nitrogen. The peptide was dissolved n buf 
valine) at a concentration of 1-2 mg/ml . The lipid 
(saline; at (43°C) and the 

redissolved in buffer containing chelate (43 C 

• ,^ oH at a 3-1 phospholipid/peptide 

peptide solution was added at a 3 P P 
ratio The mixture was incubated overnight at 43 C 
dialyzed at 4 3 o C (24 hr . ) , room temperature (24 hr.) and 4 
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* u„ffpr (larae volumes) at 
<24 hr.). with three changes of buffer larg 

temperature point. The complexes wer i«« 

(0.22,0 for injection and storage at 4 C. 

c up^ The position or tne pe^ 
column (8up.ro.. * ™ ; * £ measuring the phospholipid 
t he parties was rdent^ y che 
concentration in each £ « ctlo " a conce ntration of 

Stokes radius can was determined. The e 
peptide in the complex was determined by determi g 
phenylalanine content <by HPLC, following a 16 hr. 
hydrolysis . 

1X 3 ju-ttbcttON I" ™* RABBIT 
Male New' Zealand White rabbits (2.5-3 kg) were 

wlt-h a dose of phospholipid/peptide 
injected intravenously with a dose o P ^ ^ 

(8 ma/kg bodyweight peptide 146 IShU 
complex (8 mg/Kg y neotide or protexn 

• ~v,t- annA-I expressed as pep^-J- uc ^ 

m9/ :^:;T;: s n7e bolus injection not exceeding 10-15 ^ 
content) in a sing sedate d before the manipulations. 

The animals were slightly sedatea 

= Collected on EDTA) were taken betore 
Blood samples (coliecteu 

™ 240 and 1440 minutes after injection. The 

hema 3 tocrrt' £>\- determined for each sample Samples 

at- _90°C before analysis, 
were aliquoted and stored at 20 c d 

H 4 . ANAIjYSIS_QF_THE_RAB^IT_SERA 

t- -Ha The total plasma cholesterol, 

plas ma tri^Tfnd pfasma P — ^ 

to the manufacturer s pr Ma rcv-l'«toile, 
Mannheim, Germany and Biomerreux. 69280, Marcy 

FranCe> ' u^p^steiBjrsfilss. The plasma lipoprotein 
pro£il es otihtlr^nT^ined after the separation of 
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and cholesteroi content was measured enzymat.cally . 

11.5. "RESULTS 

The lipoprotein protile of rabbits injected with 8 

ia* ^fo ID NO:146) (in the form of 
mg /kg peptide 146 (SEQ ID NO ghown in 

peptide/DPPC complexes) as a fm ^° of the HDL 

p-rr 9 A substantial increase m cholesterol 

• s (fractions ^.06 mg/ml) is apparent at 

cholesterol fractions J appro ^ ma ,ely 24 hr. 

5 min. following injection and lasts tor PP 

The cholesterol of the combined HDL fractions 

,vonr nltracentrifugation is presented 
obtained by density, gradient ultracentr g rol 
in Table XI, below. The highest grease of HDL c ho 
(90%) occurred 240 min. after adm nistra tio n At * ^ 
foll owing ^ministration of peptide 

146 /DPPC complexes (8 mg/kg) induces rapid and efficient 
mobilization of peripheral cholesterol. 

TABLE XI 

HDI, CHOLESTEROL. »0:146, 



Time (min.) 



Increase in HDL 
Cholesterol (%) 
Native ApoA-I 



Increase in HDL 
Cholesterol (%) 
Peptide 146 



5 

15 
60 
240 
1440 



19.3 

16 
15.8 
-24 . 1 



31.3 
60 .4 
42 . 9 
90 .2 
71.2 



animal died prior to time point 
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nPTTPARATION OF PEPTIDE-LIPID COMPLEX 
12. EXAMPLE^^PREPARATIO^^^^^^^^^^g 

^^T^Tutili-ed to prepare 

^^"te 7ZTZ'^ 1« (PV LE ™ E RL LDA LQKK,K ; SE Q 

v de methanol 

1D N 0 : 14 9 > was dissolved " 250 ^ J al „ ich cap Waters 
(Perkin Elmer) in a one ml clear gl 

~^~r-/,\ ni qqnlvina of the peptiuc w« 
#WAT025054). Dissolving minu tes at room 

occasional ^^^J^^ containing 3 mg 
temperature. To this mix Lipids, 
dipalmitoyl-phosphatidv cho ine (BPPC, ^ ^ 

99% Purity produce *"°^> o£ the mixture wa s brought 

in methanol was added. The mixture was 

, ,jji,(„„ of methanol, and the mixtuic 
to 400 111 by addition ot m minutes at 

further vortexed intermittently for a P*" 
room temperature. To the tube 200 jUt^ < * 

udt r nrade) was added ana tne 
Aldrich 99% pure, HPLC grade) punch ed into 

a *«r- in seconds. Two small holes wei= f 
vortexed or 10 sec ^ ^ tube 

the top of the tube witn * and ch e tube 

„as frozen for 15 seconds in liquid -«ogen 
was lyophilized overnight under v^-;^^^ for 
o( e . 9% N cl solution was ^ ^ ^ ^ _ 

20 SeC ° ndS - " C ube was then incubated in a water bath 

in appearance. The tube ^ ( . e ^ 

for 30 minutes at 41 C. The q£ 
similar to water in appearancel after a 

incubation at 41°C. 

p-e^Ide^no^IpTo^o^x7s containing peptide 
149 (SE0 ID -re prepared by— ilization^s ^ 

.escribed above The -clplexes in 

3 mgs DPPC by weight. After pe ptide 149) of 

i f n 9*- NaCl, 20ul (containing 100 M9 pep^ia 
200 M l of 0.9. NaCl , pharmac ia Superose 6 column 

the complexes were applied to ^ q _ g 

using 0.9% NaCl as the liquid phase at a 
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Stored by absorbance 
mls/ «. The ~~ oL ml 

ot scattering of »9« of 20 ^ of the 

tactions were collected conte „t using the 

actions were assa yed for phosp P ^ ^ ^ (#61491) 
WoMerieu* Phospholipids* *»*» * by the 

according to the ^^T^ an, UV absorbance were 
Tha vast majority of both P P ^ ^ ^ , t 
recovered together in a few ^ corresp ond S to 

• ately 15- 8 mis. ini£5 

1— o« " r s :; S arate chr omatogram of 20 ,1 of 

Por -™^» S e °;' th a e S s L cond itions and using the 
human HDL 2 was run under the The ^ was 

s ame column as the P-*"^*'^ hu „an plasma (Mannheim 
prepared as follows: ^ adjusCed t o density 

Biutspendzentrale #118519 ) cent rifuged 45 hours 

aolid potassium bromiu , ,., c The 

i.25 with solia p (Beckman) at 20 c. 

at ,0,000 RPM using a T145 st disC1 lled 

£1 oating layer was * J h solld potassium bromide. 

„ater, adjusted to density 1-0J ^ ^ The bottom 

and centrifuged as ^"ibed abo the tube bottom) was 
la yer (at a -vel of one c above^ ^ ^ ^ 4 . c 
collected, brought to > ■<*• The column eluate was 

£or 4 days until = hromat ° gra ^ terin g of light of wavelength 
monitored by absorbance «« molecular weight and 

254 „. x series of proteins > ^ the 

stok es' diameter were used as diameters of the 

column for the calcul, m 
particles (Pharmacia Gel , aboratory separation, 

!nstruction Manual, Pharmacia L*o ^ ^ eluted with . 

Piscataway, W. ^"f ^ / ^responding to a Stokes, 
retention volume of 14- 
diameter of 108 nm. 
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hemocyanine (KLH; 1 -g P-P" de Freund . . adjuvant 

conjugate <LMG, I- -P- d f ^ „ P and posted with 

and injected into raboxts at t« ^ ^ ^ pre . bl eeds 

KLH conjugate at 4 weeks and 9 anti body titer 

and six week post-bleeds are test 

against authentic antrgen by EHS^ ^ a 

each. Antibodies direct 

• i^ s H as follows: 
anti^ns are - ol ^ed *s attached to cyanogen bromide 

X ' Fre ! P Te « Pharmacia) according to the 
activated Sepharose 4B <?n 

m anufacturer<s protocol^ Qn a colum n of 

2 The antisera is preac . rreleva nt human and 

c ,nd on columns of irreiev* 
irrelevant peptides and on 

mouse serum proteins. antisera is passed through the 

3 The pre-absorbed antiser ^ 

corresponding peptide columr o . 1 M borate buffered 

4 The columns are washed d using a 

sal ine' (P H and the ~- "f^T. "to P« - " 

j-^^t- ct-eo from pH 4.u i- 1 -' f 
low P H gradient step 0 1 M HCl . 

glycine buffer) and ^ naliy neutr alized with excess 

borate saline, cone ine 

and dialyzed against borate n determin ed by 

6 . The protein concentration 

absorbance at 280 nm. are teS ted for species 

The reS ulting antibodie , a ^ 
.cificity using purified human ApoA I P 
£T. -rect ELISA binding assay. 

• or to be limited in scope by the 
The invention is not t^ ^ intende d as single 

specific ^° d ^f; di :rrarasp W ects of the invention, and 
illustrations of mdivi 
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functionally equivalent methods and components are within the 
scope of the invention. Indeed various modifications of the 
invention, in addition to those shown and described herein 
will become apparent to those skilled in the art from the 
foregoing description and accompanying drawings. Such 
modifications are intended to fall within the scope of the 

appended claims . 

All references cited herein are incorporated herein 

by reference for all purposes. 
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